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Abstract 
 
For Airbus, the System of interest is the aircraft as an integrated whole. Airbus 
aircrafts operates in the World Air Transportation System, the containing System. 
The Aircraft has been analyzed starting from a top-level concept. A systematic 
functions definition has been carried out, as consequence of the two main Aircraft 
functions (move from departure to arrival and carry payload), bearing in mind the 
environment the A/C is operating in, and several other considerations. The picture 
has been completed keeping in mind also all the constraints the aircraft has to deal 
with and the parameters, which drive the design from a performances perspective.  
One of the major challenges facing Airbus’ engineers today is the smooth and 
timely integration and test of all the complex systems on the final Aircraft. This 
work make of the rigor and formalism one of its strength and thus wants to 
provide a methodology, to give a response to address this problem. The static 
model has been build using the SysML (Systems Modelling Language), a new 
modelling language that is supposed to became the standard for description and 
specification of complex systems. The strength of SysML is not in it that it is a 
standard or a tool, but that it is a language.  A language similar to a circuit 
diagram used to describe an electronic component or a formula describing a 
complex mathematical problem.  
The static model forms the specification for the dynamic model, through which is 
possible to carry out performance prediction analysis, trade off studies, and other 
activities. 
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Foreword 
 
 
Why is a common framework important in the design of complex systems?  What 
is the value of such a framework?  Where and how should the people use such a 
framework?  These are the key questions that arise when one aims to conduct 
work to transform a human need to technical requirements.  After all, a design 
process is primarily about transforming human needs to engineered solutions that 
can be manufactured, operated, maintained, supported and eventually retired. 
 
What are the sources of complexity?  In order to meet the needs, the realisation of 
the engineered solutions requires people from many disciplines to work 
collaboratively.  The many disciplines are needed because the functionalities 
required cannot generally be met by one engineering discipline.  Further, the 
different stakeholders have different needs that may change during the design life 
cycle.  Some of the sources of complexity are due to changing requirements and 
uncertain or disparate needs. 
 
Each discipline has its own language, viewpoints and perspectives.  Trying to link 
them together to have a coherent picture for each stakeholder becomes another 
source of complexity.  When the results of the collaborative work is integrated 
into the engineered solution, it gives rise to emergent properties, capabilities and 
behaviours; often intended.  What happens if the are unintended?  We need to be 
able to discover them earlier and mitigate them. 
 
A common framework is then needed to guide and evaluate the design progress 
through the various levels of granularity that make up the solution.  In effect, the 
framework provides a consistency check between the different efforts to produce a 
coherent design.  This is one important aspect needed in the design of complex 
systems. 
 
In this thesis, the author makes a case for a common framework.  The author 
chooses a case study to illustrate the different aspects that need to be supported by 
Foreword 
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such framework.  He then introduces the SysML (Systems Modelling Language) 
as a possible implementation of a common language.  Through the case studies, 
some artefacts of the language are explored and an attempt is made to answer 
questions raised above. 
 
The work presented here is an introduction to a new language, and a recognition 
that for any framework or language to be common requires a level of investment, 
primarily in the development of the team of people who will conduct the work. 
 
Sanjiv SHARMA 
22 May 2006 
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"The whole is more than the sum of its parts." 
 
 
Aristotle (384 BCE – 322 BCE) 
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1 Introduction 
 
The Airbus Mission  
 
“Airbus is one of the world's leading aircraft manufacturers, and it consistently 
captures approximately half or more of all orders for airliners with more than 100 
seats. 
Airbus' mission is to provide the aircraft best suited to the market's needs and to 
support these aircraft with the highest quality of service. The Airbus product line 
comprises 14 aircraft models, from the 100-seat single-aisle A318 jetliner to the 
555-seat A380 - which will be the largest civil airliner ever when it enters service 
in 2006.”1  
 
Problems to be solved: System Complexity and Flow of information 
 
The Aircraft design takes almost a decade from the first conceptual stage to the 
Entry Into Service (EIS). During all these years, engineers face and solve a lot of 
problems and questions. These problems, arising generally from customers’ 
needs, lead to an improvement in functionality, enhancement of safety and better 
reliability as well, but, at the same time, they highly increase the system 
complexity. 
It is generally agreed that increasing complexity is at the heart of the most 
difficult problem facing today’s systems of architecting and engineering. The 
greater is the complexity, the greater is the difficulty. It is important, therefore, to 
understand what is meant by system complexity if architectural is to be made in 
dealing with it. As might be expected, the more elements and interconnections, 
the more complex the architecture, and the more difficult the system-level 
problems.  
Rates of advance in the computer and information sciences have further made it 
possible to use software to address the implementation of complexity. However, 
this brings new challenges for good design and test of these functionalities. The 
advent of smart, software intensive systems is producing a true paradigm shift in 
                                               
1
 See ref. [1] 
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the system design. Particularly susceptible to these changes are systems which 
depend upon electronics and information systems, and which have not been 
characterized by the formal partnership with architecting that structural 
engineering has addressed. 
 
Airbus is a company with over 55.000 employees. Airbus production and support 
facilities are located around the world, from Europe, through North America to 
Asia Pacific. Furthermore, all suppliers have to be considered in the extended 
enterprise concept. The unambiguous flow of information to enable the extended 
enterprise to operate effectively needs to be addressed. 
Alongside of the systems complexity therefore, engineers have often to face the 
problem of communication and organization.  Exchange of information with 
suppliers, customers, as well as other stakeholders, can lead to various 
misunderstanding and misinterpretation because of the different engineering 
language, the people’s background, and the different perspective of the system 
design. Late detected design errors could result in increased cost, schedule slips, 
reduced capability and indeed cancelled programs.  
A well-designed, systematic model based approach to the design can greatly 
reduce both these problems. 
 
Model Based Engineering 
 
 “For more than a decade Airbus has made increased use of computer-based M&S 
(Modelling and Simulation) technologies in its LGS design activities. Originally 
adopted to reduce physical test costs by providing performance predictions, this 
technology was soon used to detect specification defects.  Market pressures are 
now creating an imperative for optimisation of the complete LGS (Landing Gear 
Systems), as an integral part of the aircraft, despite the inherent complexity of this 
task.  Although Airbus has begun to use M&S to support design optimisation, this 
new application is still in its infancy.  More extensive and timely use of computer-
based M&S technologies will help Airbus satisfy these market needs.”2 
                                               
2
 See ref [10]. 
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Model Based Engineering - MBE - focuses on the processes that need to take 
place to ensure that the models are of high quality as these models represent the 
system under design. MBE should take into account all regulations, and define 
how models could be used within a Systems Engineering framework. 
 
Rationale behind the work 
 
The thesis is aimed at giving an example of a new concept of the design, in a 
structured and formalized way. The civil A/C is the “System of Interest”. It has 
been analyzed from different points of view in order to define all the relationships 
necessary to specify the next level down of details and so carry on in the design. 
The relationship between the aircraft itself and external entities in place give rise 
to many derived requirements. Functions are thus created from all the 
requirements. Grouping these functions will give rise to objects. When functions 
are allocated for implementation objects implement them. Functions are abstract 
concepts, whilst objects are concrete entities. The idea of object suggests that 
there is a structure behind it. The structure is realized in order to accomplish the 
functions it is meant to. It is the description of the object; it is the function (or 
group of them) made real. Its behaviour is defined by parameters (things that are 
controllable) and constraints (things that the function must or must not do). 
Parameter and constraint therefore must be analyzed. 
This is the path followed in the thesis: The requirements analysis, the 
transformation of them in functions, and finally the implementation of these 
“static concepts” in a simulation environment. 
Follows a brief description of the work and its context and the contents of each 
chapter the thesis. 
 
Context of the work  
 
This study has been done as a part of MASP2 (Modelling And Simulation Phase 
Two), with application deployed to CVB (Common Virtual Bird) Pilot Project II – 
Aircraft on Ground Operations (A/C on GO).  
Introduction 
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 This is an international project that involves the extended enterprise (i.e. all 
Airbus entities and suppliers) and which is aimed to improve A/C design with aid 
of Modelling and Simulation techniques. One of the objectives of the A/C on GO 
is to “extend the modelling and simulation of the Landing Gear System as an 
integral subsystem of the operational A/C during Taxi Out phase”.  
For Airbus, the System of interest is the aircraft as an integrated whole. Airbus 
aircrafts operates in the World Air Transportation System, the containing System. 
The Landing Gear for example is a subsystem, which, in turn is composed of 
different subsystems.   
The Aircraft has been analyzed starting from a top-level concept. A systematic 
functions definition has been carried out, as consequence of the two main Aircraft 
functions (move from departure to arrival and carry payload), bearing in mind the 
environment the A/C is operating in, and several other considerations. The picture 
has been completed keeping in mind also all the constraints the aircraft has to deal 
with and the parameters, which drive the design from a performances perspective.  
One of the major challenges facing Airbus’ engineers today is the smooth and 
timely integration and test of all the complex systems on the final Aircraft. This 
work make of the rigor and formalism one of its strength and thus wants to 
provide a methodology, to give a response to address this problem. The model has 
been build using the SysML (Systems Modelling Language), a new modelling 
language that is supposed to became the standard for description and specification 
of complex systems. The strength of SysML is not in it that it is a standard or a 
tool, but that it is a language.  A language similar to a circuit diagram used to 
describe an electronic component or a formula describing a complex mathematical 
problem.  
As example instead of writing the following: “The system consists of two 
components, namely component A and component B.  There is an interface 
between component A and component B.  Component B provides for the interface 
to component A” the following (assembly) diagram provides the same detail 
much more effective. 
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Figure 1-1 - An easy SysML example 
 
 
Structure of the work 
 
Five chapters plus two appendixes make the work. What follow is a brief 
description of them, highlighting the key aspects analyzed in details in the 
chapters themselves. 
 
Chapter 1: This chapter contains an introduction to the general concepts this 
study is based on. It starts with the definition of what is Systems Engineering and 
a description of which is the method adopted by Systems engineering community, 
and how does this method is applied in Airbus; afterwards, the architectural 
framework’s concept is presented and it is explained how and what Airbus can 
benefit from the set-up of such a framework. These arguments are explained in the 
first chapter because they are the foundation all the work is build on. The aim of 
the chapter is to make people more familiar with these concepts witch can 
otherwise appear a bit abstract at the beginning. 
 
Chapter 2: In the second chapter are analyzed the requirements that could be 
useful for a correct development of the system. There are many requirements that 
should be taken into account starting from top-level concept and going down to 
levels that are more detailed. In this thesis has been used only a part of them, 
trying to show what are the potential benefits in requirements managing. 
Introduction 
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The requirements referring to modelling and simulation activities come from the 
CVB scoping phase as requirements expressed by the interviewed stakeholders. 
The requirements, captured and handled in the first part of the work using the 
Quality Function Deployment (QFD) techniques, have been converted in 
customers’ needs. Those customers’ needs represent the guideline, which drive 
the entire project. 
The requirements concerning the technical aspects come from different sources:  
 
• The AP2161 Aircraft Function Definition Process,  
• The ATA32 A380 Top Level System Requirements Document (TLSRD).  
• Certification Specifications for Large Aeroplanes (CS 25).  
 
All these requirements have been used in the model as constraint to the design. It 
has been tried to create a link between design decisions and requirements, and to 
grant their traceability.  
 
Chapter 3: This is the main chapter of this study, the core of the thesis. It 
contains the development of the static model. The static model is an ensemble of 
all information necessary to describe a system. It gives the system specification 
for dynamic model, containing all assumptions made, as initial conditions, 
boundary conditions etc. Static model is not related with the tools used to 
implement a simulation of the system. It describes what the system is intended to 
do. The model is therefore the description of the system. The static model is 
synonymous with a descriptive model. The static model starts with an introduction 
of the “System of Interest” – the Civil Aircraft – and all the “external” entities and 
actors it is related to (environment, passengers, … ) . Defining all the relationship 
the civil Aircraft has with them it is built a consistent picture which contains all 
the needed information that allow the designer to address the next level down in 
the design lifecycle. The study is focussed on the steering function, that is to say 
the need of the Aircraft to manoeuvre whilst carrying on ground phases. It is not a 
task only of the steering system: other systems can play a fundamental role in it. 
These aspects however must be taken into account in the design of the steering 
Introduction 
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device. Along with the description of the model, it has also shown the main 
futures of SysML in order to make the diagrams clearer and more understandable 
and spread between readers the knowledge of this new standard language. 
 
Chapter 4: As stated above chapter 3 is the core of the thesis. Chapter 4 is the 
natural consequence of Chapter 3: the deployment of the static model in the 
simulation environment, and the verification and validation of the model. All the 
information contained in the static model, used in a simulation environment, gives 
the dynamic model, in which all variables changing in time. The traceability 
between the descriptive model and the dynamic has taken into account. This is 
one of the most important and innovative outputs. The dynamic model is then an 
earlier representation of what a system will do. In this thesis is shown only the 
link between this Static and the Dynamic model. The detailed of how to build a 
new dynamic model starting from the static model will be developed in the CVB 
pilot project 2, and are out of the scope of this work. 
 
Chapter 5: This is the last chapter of the thesis and it is dedicated mainly to the 
benefits and the future works that can arise from this thesis. Give people a 
common understanding of the project and a common source of information are 
two of the main benefits that can be extracted by this work, which match the need 
of having a systematic, formalized way of designing since the beginning of the 
project. The most important future work is that potentially this work can be the 
starting point for a new way of doing simulation and setting up the models (i.e. 
Adams models or Matlab-Simulink models), with a great reduction in time needed 
to set up the models. The thesis is aimed to be a framework, so something, which 
is invariant. Modeller should then already know where to put things.  
The report contains also four appendixes at its end. These parts complete and 
integrate all it is explained in the five chapters above. Appendix A is a general, 
detailed description of SysML. It contains a bit of background, the rationale that 
pushed towards the realization of SysML and its relationship with UML (Unified 
Modelling Language). Besides, it holds the general structure of SysML and a 
short paragraph about each of the SysML diagram.  
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Appendix B, on the other side, explains in deep the tool that has been used to 
build up the static model. The official explanation available also on the Artisan 
website follows an introduction made by the author. Some screenshot contained in 
chapter 3 also help to explain and shows the interface provided by the tools to the 
user. Appendix C shows the interview guideline that has been used during the first 
part of the CVB project. It is the first step to apply the QFD methodology to the 
project. Appendix D contains the contents of the “Modelling Assumptions 
Document for the ADAMS Baseline Model for Ground Manoeuvrability and 
Braking Performance. 
 
Literature and Bibliography 
 
At present, there is limited number of articles or books written on this subject, as 
it is a very new one. The articles have generally the aim of spread the knowledge 
of SysML across the systems engineering community, showing different 
applications, explaining different models (petrol station or washing machine for 
example) and how does SysML support the specification of such models. Artisan 
staff has written most of them. Models anyway are not explained in deep. They 
are definitely interesting articles, but the reader should have a background and be 
familiar with SysML at least in its principles.  
The SysML specification instead is a useful means to be familiar with the 
language as it explains all the meanings of each single symbol. It is probably not 
something to read to learn the language, but it is something to refer to while 
building up the model.  
The web offers useful information about SysML. The official website 
(www.sysml.org) hold the specification and the latest updates, plus the link to the 
SysML forum, which is an important source of information.  
There are no books yet which treat in comprehensive way SysML matters. The 
author has based mainly on reading book to get familiar with the tool, but all of 
them are about UML. They are UML Distilled written by M. Fowler and Business 
modelling with UML written by H.E Eriksson and M.Penker. 
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Other information contained in the thesis has been extracted by different articles, 
suggested by key expert in the field or found on the web. They are mainly about 
architectural framework, among them it worth reminding the Zachman 
framework, and the Systems Engineering concepts and processes.  
All the sources are listed in the references section at the end of the thesis. 
 
Conclusion 
 
This work is aimed to give an example on an innovative concept of design. It 
shows how the use of a system definition language and the realisation of a 
framework can lead to a more structured approach to the design, from the early 
stages. The unified language reduces problems of communications and so 
potential misunderstanding. The framework guarantees a robust base for future 
development and changes, and enables the complexity of the architecture to be 
handled.   
 
The framework is an invariant entity that can be used by all the programmes. 
Once the framework is in place the link between the requirements and the 
dynamic model is automatic. This aspect represents the major improvement 
achieved. If there is a change in the requirements, what changes is the flow of 
information, which probably leads to a change in the final behaviour of the 
product.  
 
 
Figure 1-2 - Thesis Work Stream 
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The work is made using a top-down approach. The intention of the top-down 
approach is to have a full picture of interactions at every level. In the top-down 
approach all the interactions (for instance integration between systems) are taken 
into account. If a bottom-up approach was used instead, the full picture would 
have been missed and the problems would have been probably founded late in the 
project, with a foreseeable rise in terms of cost and time. 
 It is a new approach and design to describe the model looking at the physical and 
computational aspect at the same time. It is key to note that the description of 
model is synonymous with the description of the system.  
This kind of formalization, has been made in this work at A/C level, but could 
reused, changing some boxes at each level down in the design cycle, that is to say 
for systems, subsystems, components. 
Figure 1-3 shows the basic process pattern of the work. It this figure, the main 
activities carried out (arrow shape) are shown and for each of them are shown the 
inputs on the left hand side, the outputs on the right hand side, the resources and 
the goals. That diagram helps to have a clearer idea of the process in place and 
shows all the information needed for its development. 
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Figure 1-3 - Basic Process Pattern 
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2 Systems Engineering and Operational 
Framework  
 
 
2.1 Introduction 
 
Two fundamental concepts that help to understand and contextualize all the work 
done are explained in this chapter of the thesis: The Systems Engineering and the 
Operational Framework. 
 After the INCOSE definition, which introduces Systems Engineering, it is 
explained the System Engineering management as an activity made up by three 
major activities: The development phasing, the System Engineering process and 
the life cycle integration. The System Engineering process is the key aspect to be 
shown and it is analyzed further in details. Afterwards the concept of Operational 
Framework is described, highlighting the main aspects of it, especially the fact 
that it is invariant against any engineering disciplines, tools or methodologies. 
This section forms a necessary background to understand the work done in the 
thesis. 
 
 
2.2 Systems Engineering 
 
This definition of the International Council on Systems Engineering (INCOSE), 
explains, using very simple words, the scope of Systems Engineering. 
 
“Systems Engineering is an interdisciplinary approach and means to enable the 
realization of successful systems. It focuses on defining customer needs and 
required functionality early in the development cycle, documenting requirements, 
then proceeding with design synthesis and system validation while considering the 
complete problem: 
 
• Cost & Schedule 
• Performance 
Systems Engineering and Operational Framework 
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• Test 
• Manufacturing 
• Training & Support 
• Operations 
• Disposal. 
 
Systems Engineering integrates all the disciplines and specialty groups into a 
team effort forming a structured development process that proceeds from concept 
to production to operation. Systems Engineering considers both the business and 
the technical needs of all customers with the goal of providing a quality product 
that meets the user needs”. 3 
 
The realization of successful systems is the primary objective that drives Airbus 
projects. Although the words are simple, the meaning is wide-ranging, and the 
activities are not easy to implement.  
Systems engineering management is the most important aspect and it is worth 
explaining it more in details. 
System engineering management is accomplished by three major activities: 
 
• Development phasing that controls the design process and provides 
baselines to coordinate design efforts. 
• A system engineering process that provides a structure for solving design 
problems and tracking requirements follow through to the design effort. 
• A Life cycle integration that involves the customers in the design process 
and ensure that the system developed is viable throughout is life 
 
Each of these activities is necessary to achieve proper management of 
development effort. 
 Phasing has two major purposes: it controls the design effort and it is the major 
connection between the technical management effort and the overall acquisition 
effort. It controls the design effort by developing design baselines that govern 
                                               
3
  See ref. [2] 
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each level of development. It interfaces with the acquisition management by 
providing key events in the development process where design viability can be 
assessed. The feasibility of the baselines developed is a major input for 
acquisition management milestones decisions. As a results, the timing and 
coordination between technical development phasing and the acquisition schedule 
is critical to maintain a healthy acquisition program.  
The system engineering process is the heart of system engineering management. 
Its purpose is to provide a structured but flexible process that transforms 
requirements into specifications, architectures and configuration baselines. The 
discipline of this process provides the control and traceability to develop solutions 
that meet customer needs.  
The system engineering process may be repeated one or more times during any 
phase of the development process. 
Life cycle integration is necessary to ensure that the design solution is feasible 
throughout the life of the system. It includes the planning associated with the 
product and process development, as well as the integration of multiple functional 
concerns into the design and engineering process. In this manner, product cycle-
times can be reduced and the need for redesign and rework substantially reduced. 
Development usually progresses through distinct levels or stages: 
 
• Concept level, which produces a system concept description (usually 
described in a concept study). 
• System level, which produces a system description in performance 
requirement terms. 
• Subsystem/component level, which produces first a set of subsystem and 
component product performance descriptions, then a set of corresponding 
detailed descriptions of the products’ characteristics, essential for their 
production. 
 
As it has been explained in the introduction this work is made at concept level. It 
is a process of reverse engineering, through which it is tried to investigate how 
this approach could have been used, and which are the benefits that it could have 
Systems Engineering and Operational Framework 
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brought about. The systems engineering process is the real focus of this thesis. It 
useful therefore, to analyze the steps of the process more in details. 
 
The systems engineering process aims to be a comprehensive a top-down, 
iterative and recursive problem solving process, applied sequentially through all 
stages of development; it is used to:  
 
• Transform needs and requirements into a set of system product and 
processes description (adding value and more details with each level of 
development). 
• Generate information for decision markers 
• Provide input for next level of development 
 
The fundamental system engineering activities are Requirements Analysis, 
Functional Analysis /Allocation, and design Synthesis. Systems engineering 
controls are used to track cost and schedule, track technical performance, verify 
requirements are met, and review/audit the progress. Figure 2-1 represents a flow 
diagram of a typical Systems engineering process. 
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Figure 2-1 - Systems Engineering Process 
 
 
The system engineering process is applied to each level of system development, 
one level at time, to produce these descriptions commonly called configuration 
baselines. This results in a series of baselines, one at each development level. This 
baseline became more detailed with each level. 
Figure 2-1 shows the systems engineering process applied to each level of the V-
cycle. 
The V-cycle is used to depict the systems engineering design process, where the 
left side of the V designates the design phase, and the right side the testing and 
implementation phase. 
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TLAR
Assigned Requirements
Assigned Requirements
AR
TLSRD
SRD, SIRD, …
PTS, EIRD, …
TLSDD, TLSID, …
SDD, 
SID, 
…
Verify Assigned
Requirements
(e.g. AC0 & Aircraft)
Verify Assigned
Requirements
(e.g. Systems Rig)
Verify Assigned
Requirements
(e.g. Avionics Rig)
Airframe, FRD, FDD, …
 
Figure 2-2 - The system engineering process applied to the V-cycle 
 
 
During the system engineering process, architectures are generated to describe, 
understand and select the most appropriate system. The word “architecture” is 
used in various contexts, in the general field of engineering. It is used as a general 
description of how the subsystems join together to form the system. It can be also 
a detailed description of an aspect of a system. In the system-engineering field this 
word is used to describe three different aspects: 
 
• Functional Architecture: Identifies and structures the allocated functional 
and performance requirements. 
• Physical Architecture: Depict the system product by showing how it is 
broken down into subsystem and components. 
• System Architecture: Identifies all the products (including enabling 
products) that are necessary to support the system and, by implication, the 
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processes necessary for development, production, construction, 
deployment, operations, support, training and verification. 
 
This work is a functional study that has been made at aircraft level. It is an 
analysis on what the system is supposed to do, not on how the system will do it. A 
functional study is fundamental to create innovation, to think about new solutions 
able to implement the functions that have been identified.  
The physical architecture is the logical consequence of a functional analysis but it 
is not treated in this thesis. The thesis is aimed only at creating a “static 
description” of everything a designer have to take into account for a correct 
design. All the factors have to be taken into account from the beginning of the 
project. Once functions are created they are in place and they are the same until 
the requirements change. The structure to be realized is therefore a means to 
realize these functions. That is the reason why the static model is seen as a 
framework, that is to say something that doesn’t change in the time, something 
that is invariant, something that has been created, not with the aim to solve the 
problems at the details level, but to give a wider, common view on the overall 
design process, to think about problems and their potential solution from a new 
point of view. 
 
 
2.3 Operational Framework 
 
In this thesis is shown how the building of a framework helps the design and the 
model and simulation activities for complex architecture such as a LG and its 
systems. A framework is something, which contains all the requested information 
to specify the product, to handle complexity and to provide the community of 
systems engineers, assistance in building a coherent picture of the system. The 
Framework is a generic classification scheme for design artefacts, that is, 
descriptive representations of any complex object. The utility of such a 
classification scheme is to enable focused concentration on selected aspects of an 
object without losing a sense of the contextual, or holistic, perspective. In 
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designing and building complex objects, there are simply too many details and 
relationships to consider simultaneously.  
A Framework that has the characteristics of any good classification scheme, that 
is, it allows for abstractions intended to: 
 
• Simplify for understanding and communication. 
• Clearly focus on independent variables for analytical purposes, but at the 
same time. 
• Maintain a disciplined awareness of contextual relationships that are 
significant to preserve the integrity of the object. 
 
 It makes little difference whether the object is physical, like an aircraft, or 
conceptual, like an aircraft functions. The challenges are the same. How do you 
design and build it piece-by-piece such that it achieves its purpose without 
dissipating its value and raising its cost by optimizing the pieces, sub-optimizing 
the aircraft. 
The framework is a comprehensive, logical structure for descriptive 
representations (i.e. models, or design artefacts) of any complex object and is 
neutral with regard to the processes or tools used for producing the descriptions. 
For this reason, the Framework is helpful for sorting out very complex, 
technology and methodology choices and issues that are significant both to 
general management and to technology management. 
 
In other words a framework can be described as: 
 
Simple: It is easy to understand, not technical, purely logical. In its most    
elemental form, it has three perspectives: Owner, Designer, Builder, and three 
abstractions: Material, Function, Geometry. Anybody (technical or non-technical) 
should be able to understand it.   
Comprehensive: It should address the aircraft in its entirety but allow focus in 
specific areas where details may be required. Any issues can be mapped against it 
to understand where they fit within the context of the Enterprise as a whole.  
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a Language : It enable to think about complex concepts and communicate them 
precisely taking into account the different disciplines of the stakeholder.  
a Planning Tool : It helps you make better choices as you are never making 
choices in a vacuum. You can position issues in the context of the Enterprise and 
see a total range of alternatives.  
a Problem Solving Tool : It enables you to work with abstractions, to simplify, to 
isolate simple variables without losing sense of the complexity of the Enterprise 
as a whole.  
Neutral: It is defined totally independently of engineering disciplines, tools or 
methodologies and therefore any tool or any methodology can be mapped against 
it to understand their implicit trade-offs, that is, what they are doing, and what 
they are not doing.  
 
The Framework for aircraft architecture is just a tool, a tool for thinking and 
rationalizing. If it is employed with understanding, it should be of great benefit to 
technical and non-technical management alike, in dealing with the complexities 
and dynamics of aircraft during concepts, evaluation, marketing, design, 
prototyping, testing, production, development, operation, support, evolution and 
retirement. 
Any Airbus Architectural Framework must bind operational context, an aircraft as 
a system, and all its constituent subsystems into a coherent and consistent 
definition that is not evidently incomplete.  
A framework, to be defined and well understood by all the members of the 
community of systems engineers, must be specified using a System Definition 
Language a language that aids understanding and provides assistance in building 
coherent picture of a system construction. 
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3 Requirements Analysis 
 
 
3.1 Introduction 
 
A requirement represents the behaviour, structure, and/or properties that a system, 
component, or other model element must satisfy. The first step in the fulfilment of 
the design is the clear definition and understanding of what are the requirements 
that drive the projects. The requirements define the scope of the projects. They 
define what the customers, or stakeholders expect the system, or the model to do. 
The clearer are the requirements at the beginning of the project, the easier is to 
find the way to achieve a good result. They are therefore a fundamental aspect for 
every project. 
 
 
3.2 Analysis 
 
In this study different types of requirements have been taken into account, and 
different sources have been analyzed: 
 
• The requirements coming from CVB A/C on GO which drive the overall 
project.  
• The requirements coming from AP2161 - Aircraft Functions Definition 
Process - that support the elaboration of the A/C requirements and 
allocations of function to the A/C architecture. 
• The requirements coming from Top Level Aircraft Requirements 
Document for A380 (TLAR)4. 
•  The requirements coming from ATA 32 Landing Gear Top Level System 
Requirements Document for A380 (TLSRD), that drive the design of 
                                               
4
 This document has been used only to extract general requirements, which then could be re-
applied to other programmes. 
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every Landing Gear Systems, and the building of the static model in this 
specific case 5. 
• The requirements coming form the Certification Specifications for Large 
Aeroplanes - CS 25. 
• The requirements coming from ICAO Annex 14, Aerodrome Standards 
2005 which defines all the regulation necessary to an airport to be 
certified, and therefore provide constraints to the A/C designer. 
 
Usually not all the requirements are known at the beginning of the project, but 
they are discovered as long as the project scope progresses. Some requirements 
have been just assumed even if not referred to any specific source. This has been 
done to give an overall view as complete as possible of the model, referring to the 
constraints section, and because this is a project which packages ideally can be 
filled by the experts, each one in his or her particular in field.  
Figure 3-1 shows the explorer pan referred to the “constraints” package. It can be 
seen all the sub-packages nested in the main one, and also most of the 
requirements contained in each of them. For some of the requirements it can be 
also seen what aspect they are referred to. 
 Requirements are archived as classes, and references to them are frequently made 
along the description of the static model, in the next chapter. This aspects grant 
traceability, that is one of the most important aspect and will be discussed later. 
 
                                               
5
 This document has been used only to extract general requirements, which then could be re-
applied to other programmes. 
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Figure 3-1 - Constraint Package Explorer Pan 
 
In the description section of each item is quoted the requirement extracted from 
the documents. The picture below, figure 3-2, illustrates, as an example, the 
requirements concerning the reversed braking, which is contained in the 
Certification Specifications for Large Aeroplanes. 
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Figure 3-2 - Example of Requirement 
 
Reference to this requirement will be finding in the model when Reversed 
Braking will be studied (not in this work). What is stated in the requirements text 
shall be satisfied in the reality as well as in the model, which is the true 
representation of the reality. 
 
 
3.3 SysML Requirements Diagram 
 
As it has been said before the starting point for any system is its requirements 
definition. Traditionally, these are large documents provided in printed or 
electronic form. Additional documents and models sometimes come with them to 
demonstrate that a system will meet, realise, satisfy and test these requirements. 
To link the requirements to the models or other documents, engineers use 
matrices, which can be either in written form or in spreadsheets. Specialist tools 
for requirements management are often used. These tools worked well for text 
based documentation, but could not link to models. To address this, some 
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documents were created where each element in the document corresponded to an 
element in the model. Other tools combine requirements and modelling together, 
normally making use of proprietary notation. However, these are specialist 
Systems Engineering tools and often did not scale well. SysML allows the 
construction of a new diagram (which was not included in UML) called 
requirements diagram that is “the SysML support for describing textual 
requirements and relating them to the specification, analysis models, design 
models, etc. 6 ”  
Requirements specifications can be modelled containing sets of requirements. 
Each requirement will have attributes to specify the text. Other aspects of a 
requirement such as its priority, safety critical level, etc. can also be modelled. 
Requirements can be shared between specification packages. The requirements 
model includes relationships among requirements and between requirements and 
other model elements. A derived requirement can be related to one or more source 
requirements using the trace relationship. A requirement can be related to a model 
element that is intended to realise or satisfy the requirement. 
The requirements model is not meant to replace external requirements tools, but is 
meant to be used in conjunction with them to increase traceability within the 
models. It could also be used for modelling the requirements and system for 
smaller projects. In this thesis is not shown a real requirements diagram, but 
requirements are modelled and reference to them has been made in many different 
diagrams.  
Traceability in fact is one of the strength that should come out from the model. 
Every thing is modelled can be referred to specific requirements. This has a 
double advantage: first of all from a management point of view, because it allows 
the project to be well organized, which is fundamental especially for large 
projects. Then, since this work is aimed at being a framework it will be re-applied 
to new/different projects, and so the designer can immediately check which 
requirements have been changed, and so which are the models’ aspects that need 
to be modified. 
                                               
6
 See ref. [7] 
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The most important requirements from the list shown above are discussed in the 
following sections. 
 
3.4  CVB requirements  
 
As stated in the introduction, CVB is a long-term project aimed to improve 
aircraft design with aid of Modelling and Simulation techniques. The first part of 
the work has focussed on a formal approach to the requirements’ capture in order 
to meet the expectations of the project management (Steering Committee). In this 
phase decision was taken to adopt the QFD methodology to manage the 
requirements and proceed in the best way. QFD is a method based on a structured 
approach to enables a development team to specify clearly the customer’s needs, 
and then to evaluate systematically each proposed activity in terms of its impact 
on meeting those needs. The rationale behind this choice is that this is a very 
recent technique, which has proven very effective. QFD is seen as one of the more 
advanced techniques in the planning and development phases. What is interesting 
for this works is the first stages of the QFD methodology; this stage is related to 
requirements capture and their transformation to customers needs. QFD however 
involves more steps that enable to get the best product that meet customer 
expectations. The process has been carried out entirely, but it’s out of the scope of 
this thesis to report. 
 
 
3.4.1 Customers Needs Collection 
 
The QFD techniques have been used to capture the needs of the stakeholders, and 
translate them in a list of customers’ requirements. In order to avoid the risk of 
trying to solve the wrong-defined problem for A/C on GO, have been decided to 
engage all key stakeholders in the LGS definition trying to cover as much as 
possible all different departments, and so all different aspects for LG design: 
Loads, Structure, Systems, Safety, Integration, Performances, etc. Each 
stakeholder has been interviewed, in order to get his or her needs. 
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The Interview Guidelines (See appendix C) have been written around a serious of 
open-ended questions. The term ‘open–ended questions’ refers to questions for 
which there is not simply a ‘yes’ or ‘no’ answer, but allows explanation of the 
answer. Such questions encourage the interviewee to provide much more 
information than a simple “yes” or “no” and to explain the rationale behind them. 
This kind of questions has been used in the Interview Guidelines because it gives 
the interviewee as much freedom to elaborate the answer as possible.  
After the first set of interviews, the Interview Guidelines had been updated and 
improved, taking into account the feedback from each interviewee. At the end, 
four releases have been issued to obtain a final version that is easier to manage 
and covers the main topics better.    
From each interview the following information have been extracted: 
 
• Context 
• Voice of Customers 
• Statistics 
 
Figure 3-3 shows the fields and the type of information extracted from the 
questionnaire. 
 
•Q0: Main roles and activities
•Q1: Ground operations phases of interest
•Q2: Activities to address these phases
•Q3: Concerns/Issues
•Q4: To be
•Q1.1: Rank interest in the ground operations phases
•Q3.1: Level of satisfaction about current situation StatisticsStatistics
Voice of CustomersVoice of Customers
ContextContext
Questions Fields
VoC: Statement made by stakeholders (“raw” data)
 
Figure 3-3 - Interview outputs 
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The information gathered during the one - to - one interviews represent the “Voice 
of Customer” (VOC). The Voice of Customer is what the customer says; it is also 
called “raw data” because often it expresses needs informally. It is what has to be 
transformed in the customer needs. This process needs to be put in context, to 
have a clearer view about the interviewee and their activities and so understand 
better what are their real needs. Some statistics can help to identify the main gaps 
that need to be addressed. The standard QFD tool to capture the context of VOC is 
the “Voice of Customer Table” (VOCT). Using it the widest possible range of 
customer needs is identified and can be understood at a glance.  
With the help of the Voice of Customer Table the VOC have been manipulated to 
obtain the Customers’ Needs. The Customers’ Needs are a statement of benefit 
that a customer gets, or could get from a product or service. The creation of a 
common framework to manage complexity design for Landing Gear System is the 
fulfilment of these needs. Changes in the early stage of the project cost much less 
than changes in the last stage.  
 
 
3.4.2 Customers Needs 
 
Once collected, the Customers’ Needs were sorted in a hierarchical structure using 
the ‘Affinity Diagram’, another powerful tool for organising qualitative 
information. The hierarchy is built from bottom up, and the relationships between 
the needs are based on the intuition of the team creating the diagram. As a result 
of the Affinity Diagram all the 133 customers’ needs collected have been sorted 
into different groups, as shown in figure 3-4. They are grouped in three main top-
level categories (1st Level): Design evolution, Product evolution and Enterprise 
processes. Each of them is divided in three 2nd Level groups, which are again 
split-up in lower level categories (3rd Level). The 4th Level contains the 
Customers’ Needs expressed by the interviewees 
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Loads AssessmentLoads Assessment
Design EvolutionDesign Evolution
Tyres Data
Loads Prediction
Fatigue Spectrum
Product EvolutionProduct Evolution Enterprise processesEnterprise processes
A/c Usage On Ground
Addressing Comfort
Environmental Effects
Product IntegrityProduct Integrity
Performance IntegrityPerformance Integrity
V&V and Certification MgtV&V and Certification Mgt
Integrated Design Process
Problems Prediction
Robust Design
Design Definition
Performance Prediction
Design Evaluation
Design Data Provisioning
Project MgtProject Mgt
Resource MgtResource Mgt
Collaborative EnvironmentCollaborative Environment
Requirements Definition
Certification
V&V
Systems Integration
Human Factor Issues
Safety Issues
Timing (Time Management)
Process Management
Responsabilities Management
Tools Capabilities
Skills Management
Communication Capabilities
Collaborative Working
Stakeholder Mapping
Operational ScenarioOperational Scenario
Model Based EngineeringModel Based Engineering
 
Figure 3-4 - Tree Diagram of Customers’ Needs 
 
Not all the collected needs are relevant to the scope of this project7. The relevant 
ones are those concerning model and simulation activity in relationship with the 
users’ expectations.  
The main advantage of the QFD methodology is that the effort distribution of 
projects, which are based on a QFD approach, is concentrate in the early design 
phases. However at the end of the projects a better quality product with a lower 
expense is guaranteed. Statistic shows that the number of engineering changes per 
units of time during the design phase reaches a peak about 19 months before the 
1st day of production. 
 There are virtually no changes after that day. Figure 3-5 shows the comparison of 
the number of changes using a classical techniques and QFD against time. 
 
 
                                               
7
 The needs have been collected for the scoping phase of the whole CVB A/C on GO project 
which perspective is wider than this thesis. CVB is a long-range project with a schedule of 5 years. 
It is divided in work-packages, and each work package is divided in turn in work streams. This 
thesis is a work stream of the work-package called “Model specification and build” 
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Number of Changes
Time20 - 24 
months
14 -17 
months
1 - 3 
months
1st day of 
production
QFD Development
 
Figure 3-5 - Number of changes against time 
 
 
 
3.5 AP 2161 Aircraft Functions Definition Process Requirements 
 
This document has been used as guide to extract a set of primary functional 
requirements at Aircraft level. These are requirements that specify aircraft mission 
and they are absolutely general, valid for every civil A/C. 
 
 
3.6 TLAR Requirements 
 
The same kinds of information have been extracted from the TLAR (Top Level 
Aircraft Requirement). However this document is programme specific, so the 
information had to be generalized before their use. 
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3.7 ATA32 TLSRD Requirements 
 
The ATA32 Top Level Systems Requirements Document for A380 identifies all 
the applicable requirements and design goals for the design of the A380 LG 
System.  
Some requirements have been extracted from this document, and used build up 
the static model. 
The requirements taken into account are those relative to ground manoeuvrability, 
according to the scope of the project, which address the taxi-out phase. 
The choice of using the requirements valid for the A380 LG system is due to the 
fact that, as stated in the introduction, this work is aimed to be a reverse 
engineering process to show how this design concept has been applied.  
 
 
3.8 Certification Specifications for Large Airplanes CS 25 
 
This documents provided a lot of information concerning all the aspects to be 
taken into account during ground operation as it can be seen from picture 3-1. The 
collection of requirements contained in this document is really wide, ranging from 
safety, to comfort, loads, performances etc. 
Some of those requirements are concerning components (so a lower level of those 
this work is referred to) as brakes, tyres and wheel but it is necessary to take them 
into account since the beginning to have a complete view of the model it is going 
to be built. 
 
 
3.9 Aerodrome design and operations Standards 2005 
 
This document contains the standards that prescribe the physical characteristics 
and obstacle limitation surfaces to be provided for at aerodromes, and certain 
facilities and technical services normally provided at an aerodrome. It has been 
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used mainly, to extract the standard layout of the aerodromes (i.e. intersection 
between runway and taxiways) in order to specify the manoeuvre to be completed. 
 
The requirements collection is the starting point to build up the static model: the 
input from CVB to control the overall process, the input from TLSRD and 
AP2161 to design the static model. 
The methodology adopted assures that the risk to have missing some requirements 
is minimised. 
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4 Static Model 
 
 
4.1 Introduction 
 
In this chapter the author gives examples of how SysML can support the design of 
complex systems, starting at a conceptual stage, and continuing through the layers 
of the design cycle. The author shows how a model of a complex system can be 
defined in a systematic way. The reader should bear in mind that the context of 
the examples is an aircraft during ground operation.  
After an introduction regarding general concepts, the work will be focused on the 
taxi-out phase, which is the leading phase for CVB Pilot Project 28. Much 
functionality is required from an airplane during ground operation. The ones 
chosen for a detailed analysis are those relating to the lateral control of the 
airplane. For the other ground functions, exemplar diagrams have been 
constructed with the intention of giving some indicative ideas for future 
development. Along with the explanation of the model, the key features of the 
methodology are highlighted, in order to show the potentiality of the language in 
systems specification and design. 
The models shown in this chapter were developed with both “top-down” and 
“bottom-up” approaches. In this thesis, the idea of the “bottom-up” approach may 
be seen as reverse engineering; however more generally a “bottom up” approach 
is a valid approach to re-use of prior knowledge. The point is to formalize the 
design phase from an early design phase, whilst working with abstract concepts, 
which have been derived from what already exists. Further, working with 
abstractions, allows the modellers and the designers to think about possible new 
ways of implementing the solutions, evaluating them and determining the best 
ones to pursue. 
Any meaningful description of an aircraft’s functionalities is not an easy task to 
accomplish. The complexity of the subject is not only due to the nature of the 
                                               
8
 The taxi-out phase had been chosen as the phase to investigate for the pilot project, because  it is 
the first self-powered ground phase for the aircraft, and contains sufficient detail to enable a 
generic methodology to be developed. 
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functions, but also due to the multiple views that stakeholders have.  For each 
stakeholder’s view there may be different perspectives. For example, a 
stakeholder’s view of the power functions may have the perspectives of power 
generation or power distribution. Additionally, the power distribution may have 
further perspectives of electrical power, hydraulic power, etc. makes it difficult 
and complicated.  Of course, each of these perspectives may itself elaborate into 
its own sets of view and perspectives. For example, the perspective of hydraulic 
power distribution may be a view for hydraulics engineers, where one team may 
be interested in its schematics, another in the spatial location, whilst another team 
may be interested in assessing the maintenance of the system elements. So in a 
paradoxical way it could be seen as a never-ending work; as the aspects to analyse 
and the points of view from which to analyse the subject can seem to be infinite. 
The various diagrammatic approaches offered by SysML takes into account the a 
collaborative, and multi-perspective, aspect in a systematic was, thus enabling the 
complexity to be navigated in a selected logical way. The concepts expressed in 
this thesis are very simple; however, the constructions of the many diagrams were 
not. This was a choice made by the author, so as to simplify the reading, thereby 
enabling a wider audience to have access to the methodology studied. Further, a 
single person has conducted this work in order to investigate and show this new 
methodology, and therefore is necessarily incomplete. However, a detailed model 
may be built using the work presented in this thesis and involving key experts in 
different disciplines. 
 
 
4.2 Metamodel 
 
The starting point of the modelling activities is the Metamodel.  In the context of 
this work, a metamodel is a model that explains the concepts of the model to be 
developed. It represents the structure of the modelling approach. Metamodel can 
also be used to extend the formal rules of the language; a graphical language in 
the case of SysML. 
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The basic units of the metamodel are packages. A package is “a general purpose 
mechanism for organizing elements into groups.”9 . Packages may be nested 
within other packages”   
The metamodel for this model is represented in figure 4-1 
 
 
Figure 4-1 - Metamodel 
 
The diagram above is a package diagram, that is to say a diagram that depicts how 
model elements are organized into packages and the dependencies among them. A 
dependency is, according to the SysML specification “a relationship between two 
modelling elements, in which a change to one modelling element (the independent 
element) will affect the other modelling element (the dependent element).”10. In 
other words, this means that in order to build the model of objects in the source, it 
has been make reference to object contained in the target. The converse is not 
valid and meaningless as it leads to circular references. 
The seven packages defined in the above metamodel are: 
 
                                               
9
 See Ref [8] 
10
 See Ref [8] 
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• Aircraft Operation: This is a general description of what an aircraft has 
to do. It provides a sort of "specification" for the aircraft package; giving 
guidance to what is to be included in the aircraft packages to allow the 
aircraft to execute what is defined in this package. Hence, it serves as the 
functional requirements set from which to build models to support the 
studies. 
 
• New Aircraft Design Activities: It contains the functional requirements 
for the design activities that Airbus follow when a new programme starts 
and while it is on going and the technical structure of them.  So the 
metamodel, also helps defines the organisational constraints that exist 
when considering the aircraft operations.  A good architectural framework 
should include the organisational and their normative constraints. 
 
• Aircraft: It contains general concepts regarding the object “Aircraft”. It 
can be seen, for instance, from a structural point of view, from a 
contextual point of view, from a functional point of view. 
 
• Key Parameters: This package contains the key parameter necessary to 
the design and their link to the design decisions. 
 
• Environment: In this package are shown a set of external entities linked 
to the Aircraft definition. From the external entities different scenarios can 
be defined. It is used to define the actor, who plays a role in the system 
definition, the weather environment and the functional relationship 
between the Aircraft and the Airport in its entire component. 
 
• Constrains: The constraint package holds all the constraints expressed 
from requirements. It consists of the stakeholder requirements, including 
Airbus requirements and authorities requirements. It can also contain 
derived requirements, as generated by conducting the design. 
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• Technology and Design Concepts: It is a container of possible solutions. 
It could contain the solution and their trade-off studies (electric vs. 
hydraulic). This may be another place to capture results of design 
decisions from the studies.  
 
 
As stated before, each of these packages contains other packages, In the 
screenshot, shown in figure 4-2, it is possible to see all the packages contained in 
the model. 
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Figure 4-2 - Nested Packages 
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4.3 Concept and Operational context 
 
The description of such a wide model can start from anywhere and can follow 
many different paths. To describe this work the author followed his logical 
sequence in which the diagrams have been built, even if (see paragraph. 4.12) the 
global overview of the overall model will show that there is no one way to read 
the model. That is, in fact, the nature of the model itself and its purpose: to be a 
framework, to be a “global container” of all the necessary information that can be 
accessed from different points of view, and that can deliver to different users in 
many fields. The outcome is for each hierarchical layer to be homogeneous in its 
description. 
First of all, let us analyze the concept diagram.  The concept diagram, depicted in 
figure 4-3 is a usage of the class diagram that shows some of the top-level entities 
to be modeled. The entities are conceptual in nature in the initial phase of 
development, but they will be refined as part of the development process. The 
designers work in collaboration, sharing the work with the stakeholder 
communities. This diagram, although simple, gives a common view to everyone 
who is interested in it; each entity can be expanded in every direction, according 
to the interests of the different stakeholders. 
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Figure 4-3 - Concept Diagram 
 
The civil aircraft is a stereotyped system as it represents the system of interest for 
this study. The other entities are external to the system but the relationships they 
have with it are key in the system definition and specification. Each external 
entity in fact, through its relationship with the system gives rise to a set of 
requirements, which add information on how the system is expected to work.  
The Operational Context diagram, represented in picture 4-4, is again a class 
diagram. It is a top-level depiction of the context for the system under 
development, in terms of external entities the system will interact with and reside 
in. The system and externals are user-defined stereotypes that are not part of 
SysML but help the modeler to identify the system of interest relative to its 
environment. 
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Figure 4-4 - Operational Context 
 
The lowest level entities used in this diagram are the same as the Concept 
diagram. However, figure 4-4 shows them in a hierarchical relationship, so that a 
first set of requirements can be identified. The relationships, as it will be 
explained later, gives rise to many implications. Those interested in safety 
requirements, for instance, will have to take into account the relationship existing 
between the aircraft and the external entity and will follow the right hand side 
path, whilst those interested on passenger comfort will follow the left hand side of 
the diagram, bearing in mind the existing relationship between aircraft and 
external environment. 
In this diagram are also represented two fundamental SysML concepts: the 
aggregation (identified by a black diamond) and the generalization (identified by 
a white triangle). Quoting from the SysML Specification an aggregation is “a 
special form of association that specifies a whole-part relationship between the 
aggregate (whole) and a component part 11”. In other words it can be read “ is 
made up of ”, which means that the environment for the system of interest 
Aircraft is made up of Weather Conditions, Airport and Communication. The 
generalization on the other side is a “a taxonomic relationship between a more 
general classifier and a more specific classifier. Each instance of the specific 
                                               
11
 See Ref [8] 
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classifier is also an indirect instance of the general classifier. Thus, the specific 
classifier indirectly has features of the more general classifier12.It is equal to the 
expression “is a kind of”. The multiplicity is another concept shown in this 
diagram. The * next to the end of the relationship means “TBD” (To be Defined), 
while the 1..* means literally “one or more”. To clarify: looking at the diagram 
represented in figure 4-4, one reads that an airport is made up of an undefined 
number of taxiways, and by 1 or more runways and terminal. Therefore taxiways 
are not strictly necessary to the airport, while at least 1 runway must exist. 
The system of interest can also be analyzed from an internal point of view, using 
the assembly diagram. The purpose of this diagram is to allow the designer to 
have a view of the decomposition of components in part and port, and to show the 
connection among them. Figure 4-5 shows an assembly diagram for the system of 
interest already defined, a civil aircraft.  
 
 
Figure 4-5 - Assembly Diagram 
 
  
                                               
12
 See Ref. [8] 
Static Model 
 43 
It contains the main parts, which forms the system of interest in the conceptual 
stage. The definition of such parts is based on the functionalities that are known 
the aircraft will have; the definition is updated as more functionalities are 
discovered or removed as the design progresses. So, for instance, Fuselage is 
needed to carry payload and Aerodynamic surfaces are necessary to control 
manoeuvre the aircraft. In a certain way these are assumption, since at a top-level 
conceptual stage it can be asked why it is necessary to have a LG? Why is it to 
carry a very heavy LG and then use it only for a short time in the aircraft mission? 
Is it not worth investigating other types of solution which guarantee the same 
functionalities but which work in a different way? What is meant is that each 
object that is created comes from one or more functions required from the system, 
and for each object it should be possible to keep traceability and allocate it to its 
function. In this structure diagram have been defined some objects, based only on 
the experience of the author, skipping the collaborative functions description 
process. 
The same approach has been used all the models in this thesis. Some assumptions 
(mainly from previous experiences) have been made, some functions have been 
created and then specification for solution has been given. Parts can be nested into 
other parts, and a number can show their multiplicity in the top right angle of each 
items. If no multiplicity (default option) is shown, undefined item has to be 
considered. 
Objects are connected together through ports. The connections can be physical 
connections as well as a flow of information between two or more items. In this 
diagram can also be shown some actors or external entities that have been 
previously defined. The type of interaction can be specified, as in this case has 
been done for Tyre-Ground interaction. 
 
 
4.4 Problem definition 
 
The first diagrams introduce the reader, the modeller and the community of 
engineers to the general case study. The Aircraft is the “System of Interest”, but  
in its definition all the “external” entities must be taken into account, as the 
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system of interest exists in its context. This way of approaching the design, that it 
to say to introduce every entities and possible relationships among them already at 
the beginning stage, which seems very simple, is instead a the key line of this 
work, and it can be re-applied throughout all the layers of the V-Cycle. 
Conceptual design usually begins with a set of requirements expressed by the 
customers, or generated by the company as response to possible future market’s 
needs. In this phase the requirements are usually about aircraft range, payload, 
take-off and landing distance, speed and manoeuvrability. Once the type of 
aircraft to be designed is defined the framework can start to be built up. The case 
study of this thesis is a civil aircraft in its general conception. 
 
 
4.5 Phases of Flight 
 
The diagram shown in figure 4-6 is a State Modes diagram. State Modes diagram 
is generally used to describe the operating state and sub states of the system of 
interest, and therefore to describe its behaviour. In this case, the State Mode 
diagram has been used to identify the flight phases, which usually forms the 
aircraft mission. It identifies two major states, In flight and On ground that are in 
turn composed by several different sub states. This particular use of the state 
mode diagram has been chosen because of its clearness.  Events and guard 
conditions can be shown for each transition, even if here they are shown only for 
some of them. The defined guard doesn’t mean that the transition is automated, 
but only helps to have a clearer understanding of the concepts expressed and a 
clear identification of the phases. A brief description of each phase can be made 
using the description tab, as it can be seen in figure 4-6 13. 
 
                                               
13
 During the CVB interviews’ process  more than once we have been asked what do we intended 
for taxi-out phase or when does the taxi-out phase terminate and the take off- roll start. It is 
therefore important to clearly define each phase in order to define functionalities and avoid 
misunderstanding. 
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Figure 4-6 - Flight's Phases 
 
 
Figure 4-7 - Phase Description 
 
For each state a set of functionalities that needed to be analyzed is defined. These 
functionalities are captured as functional requirements in the following Use Case 
diagram, see figure 4-7 
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4.6 Aircraft Functions 
 
Examples of the top-level functions for a civil aircraft are “move from departure 
to arrival” and “accommodate payload”. These are functional requirements at 
aircraft level. Use-Case diagram is the way in which functional requirements are 
captured in SysML. A use case is defined as a service provided by the system of 
interest to the actors; in other words the use case diagram describes the usage of a 
system (subject) by its actors (context) to achieve a goal that is realized by the 
subject providing a set of services to selected actors. The use case can also be 
viewed as functionality and/or capabilities that is accomplished through the 
interaction between the subject and its actors. Use Cases are linked to other use-
cases through two different types of relationship, which are stereotyped as 
“include” and “extend”.   
The use case relationship “include” provides a mechanism for factoring out 
common functionality, which is shared among multiple use-cases and is always 
performed as the part of the root use-case. The “extend” relationship on the other 
side provides optional functionality, which extends the base use-case at the 
defined extension points under given conditions.  
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Figure 4-8 - Use Case Diagram - Top Level A/C Functions 
 
The actors interact with the system to realize the use case. The association 
between the actors and the use case represent the interactions that occur between 
the actors and the subject to accomplish the functionality associated with the use 
case. Some of the actors are captured in the People package contained in the 
environment, whilst other actors correspond to the external classes see figure 4-
4.14 
The graphical representation of the people package is shown in figure 4-9.  
In figure 4-8 is shown an example of a use case diagram, which has as starting 
point the two top-level functions for a civil aircraft. These are broken down in 
sub-functions, which in turn reference other sub-functions. Each single use case 
can be analyzed in details in order to give a complete representation of the aircraft 
functionalities. This way of capturing functional requirements is very clear, 
                                               
14
 The tool doesn’t allow the use of classes inside the use case diagram. NWS, Engine, Brake and 
Aerodynamic Surfaces are represented as actors, but they are class in the model. A link with the 
appropriate class is anyway realized so that it is possible immediately to refer them to the 
appropriate class. 
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because the use cases are well labelled, they can give an immediate idea of what 
they are supposed to do. Other kind of diagrams (i.e. activity and object sequence 
diagram), that will been analyzed later on in this chapter, help to complete the 
meaning of each use-case. As it shown by the diagram, more than one actor fulfils 
some use-cases.  
  
 
Figure 4-9 - People Package 
 
The breakdown of the main functions generates new functions and as a 
consequence, new functional requirements, which start to address the next level of 
granularity of the design.  
As stated in the introduction of this chapter, the attention is going to be focussed 
on the lateral control of aircraft on ground. The aim is not to design a means to 
provide it, which is a designer task, but instead to specify all the required 
functionalities, the parameters & constraints and the external relationships 
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that play a fundamental role in its definition. Once this framework is built it 
persists and as long as the aircraft configuration doesn’t change, it can be used.  
The lateral control of aircraft on ground will be treated as a black box at this stage. 
Our intention is to describe what is needed, not how it should be implemented. 
The input is what the pilot (or autopilot as well) demand, the output is the 
capability to do the required task. See fig. 4-10 
 
 
Figure 4-10 - Case study 
 
What it is going to be defined is what do we want this system to do, what are 
requirements but not how does the system do it. The aim is to specify the system, 
to raise questions, then to find feasible solutions, and test them in a simulation 
environment. What does control aircraft direction means? What sort of 
information the designer should know in order to design a means that allow the 
pilot to control the Aircraft direction? What are the constraints that limit the 
system functionality?  What are the parameters that can be handled and what do 
these parameters affect? These are the kind of questions that the static model 
should answer. 
The point is to create functions, to specify the tasks required of the system, to 
collect all the needed information in the static model, to let it be the “bible” for 
the project, the basis for the building; and then to create a platform and check 
different solutions whether they are valid or not. Creating functions, and not re-
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using old solutions, is the one way that allows creating innovation and 
improvement. From functions we can then create objects. Grouping of functions 
then give rise to objects. When functions are allocated for implementation they 
are implemented by objects. This is the relationship between a functional 
approach and an objected oriented approach. Object views are very close to the 
implementation, because objects have “real world meaning”, whilst functions are 
abstract. 
Using a simple scheme the process can be visualized as follow (Fig 4-11)  
 
 
Figure 4-11 - Objected oriented approach 
 
4.7 Relationships 
 
The analysis of the required functionalities for a civil aircraft during ground 
operation is embedded in the use case diagram, previously described, and in the 
other diagrams so far analyzed. By definition a use-case is used to capture 
functional requirements. The use-case “Control aircraft Direction” for instance, 
gives rise to two different new use-cases, that is to say “Maintain Heading” and 
“Provide Steering”.  
Each of these use case originate a new set of functions. To specify the next level 
down of details, however, it is not sufficient to analyze only the use cases, the 
relationship between the actors and the use-cases, has also to be taken into 
account since the actors interact with the system to realize the use case. Each 
relationship is made by property, capability and behaviour. The correct 
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identification of those relationships is the conditio sine qua non for a right 
specification of the next level down in the design cycle. And this is true and 
applicable at each level and for each relationship. The property identifies why the 
relationship is in place, the capability identifies the performance required by the 
relationship, and the behaviour identifies the way in which that capability is 
achieved. 
For example analyzing the relationship between the use case “control aircraft 
direction” and the actor NWS, the property the can be defined as control angular 
position of NWS, the capability can be a requested performance requirement in 
terms of maximum steering angle or maximum steering rate, and the behaviour 
could be constant speed, acceleration or deceleration. The specification of all the 
relationships gives information to the designer about what the system is intended 
to do. In order to specify all the relationships, however, it is necessary to have 
defined exactly the function to accomplish and which are the requirements and 
constraint to meet. 
Therefore not only the use case, but also the relationships among them play a key 
role in the definition of the next level down in the life cycle design. 
 
4.8 Use Case Specification: Activity Diagram 
 
Every single use case can be integrated and further explained through the building 
of a series of different diagrams (i.e Activity diagram, Object sequence diagram, 
Object collaboration diagram). The tool Artisan Studio allows the creation of this 
type of diagrams as shown in figure 4-12. Object collaboration diagram has not 
been considered useful to build up this model during this research.  
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Figure 4-12 - Diagrams generation from a Use Case 
 
The following section shows of some examples showing the way in which the 
activity diagram and the sequence diagram are used to specify a single use-case 
and the kinds of information they add to the model.  
The diagram shown in figure 4-13 depicts the top-level flow of control associated 
with the use case “control aircraft on ground”. 
It is called interaction overview diagram even if it is a particular use of the activity 
diagram. 
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Figure 4-13 - Interaction Overview Diagrams 
 
Through this diagram it is possible to specify, more in details, the behaviour 
required from the use case. Particularly it shows that the two activities “control 
aircraft direction” and “control aircraft speed” shall happen at the same time, but 
shall be launched by two different inputs. The means that has to be designed, 
therefore, shall provide these functions. The two activities are also in parallel with 
“communication with control tower” and with “aircraft and environment 
monitoring”. Where do these two new activities come from? 
In one of the first diagrams of the model it has been declared that the System of 
Interest, civil aircrafts, operates in a particular environment called airport, which 
includes other airplanes.  
If that relationship had not been specified, the needs of communicate with control 
tower would not have been necessary. The same thing can be said for the activity 
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“monitoring aircrafts and environment” in respect to the relationship between the 
civil aircraft and the weather conditions for instance. 
This simple example clearly shows how the consistency from the top-level 
concepts to the lower levels starts to emerge. These are very simple concepts, but 
it is immediate to understand that the picture, which slowly evolves, doesn’t miss 
any aspect of the design from the beginning. Too often the work is based on the 
study of a single function (or system) through all layers, thereby we could know 
only one system, and miss the full picture. Based on such a reductionist view, the 
integration problems are seen in the latest stage, when modifications are hard to 
do and very expensive. Instead this work attempts to have a complete view of 
interactions at every level, from the beginning and in a systematic way.  
Starting from a use case it is possible to draw also a different type of activity 
diagram. It is called the swim lane diagram, and it is shown in figure 4-14. It 
depicts the pilot and the civil aircraft as swim lanes. The swim lanes enclose the 
functions that are performed by the pilot and the aircraft to do the lateral control 
of aircraft on ground. The aircraft is, in turn, divided in four different swim lanes 
to allocate each different task to different systems responsible for that. The four 
swim lanes reflect the four actors depicted in figure 4-8, which have a relationship 
with that particular use case.  
The outputs from the pilots actions (apply NWS, apply asymmetric thrust, apply 
differential braking, apply aero-yaw moment) are shown to produce streaming 
outputs that correspond to steering pressure, thrust position, brake pressure and 
rudder pressure, respectively. Streaming inputs and outputs indicate that the 
function can accept the streaming inputs and produce streaming outputs while the 
function is executing. The outputs are inputs to the aircraft functions to control 
steering angle, thrust, brake force and rudder position. The steering torque, 
external force, brake force and aerodynamic force are output from the aircraft and 
are designated as continuous output. 
These outputs are those responsible for the controllability of the aircraft on 
ground. Figure 4-14 shows the swim lane diagram for the use case “control 
aircraft direction”.  
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Figure 4-14 - Swim Lane Diagram 
 
From such a simple diagram, the amount of information that is possible to extract 
is quite large. For example types of inputs required for each activity and outputs 
produced by each activity, the system responsible for each of them, and moreover 
the fact that the pilot can, if necessary, perform all four operations simultaneously, 
since no one excludes the others. However the diagram doesn’t say anything 
about the way these operations are done. How the differential braking is done? 
How the rudder angle is achieved? How the nose landing gear is steered? It can be 
done hydraulically as well as with electric actuators. The requirements, as it will 
be shown in the next paragraph, help the modeller and designer, giving the 
boundaries, which he must stay within. The solution is then something to identify 
and test via simulation activity, doing trade-off studies and selecting the best one 
to realize. Another proof of the consistency of the model is given by the analysis 
of the class diagram shown in figure 4-15. 
The diagrams shown in figures 4-3 and 4-4 are class diagrams. A class is not only 
a label, but it is an entity of a system, that provides functionalities to another 
entity, called operation.  A class also has properties that reflect unique features of 
a class. These properties of a class are called attributes. 
A class can either show or hide its attributes and operation. The choice can be 
easily done from the view option panel according to the type of information and 
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the complexity of the diagram we are dealing with. Figure 14 shows the feature of 
the tool, which allows handling the classes’ graphical representation. 
 
 
Figure 4-15 - Graphical Interface for a Class 
 
There are some diagrams in which the aim is only to show the classes together 
with their relationship, and other diagrams in which is worth showing all the 
details and explain them. Figure 4-16 represents a simple class diagram for the 
class Civil Aircraft. It shows both attributes and operations. The Aircraft is a 
stereotyped system and contains features that represent physical characteristic, or 
data stores. The attributes’ list shown in the figure below is not just a series of 
variables randomly defined, but it is a series of parameters that are used in the 
model to specify something, somewhere. The functions have been allocated to the 
civil aircraft system as indicated by the functions in the civil aircraft class based 
on the swim lane in diagram (Figure 4-14). The relationship between runway and 
Civil Aircraft is the same that will be reused in figure 4-31. This simple example 
gives once again the sense of consistency that is carried out from the beginning of 
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this model. When the context diagram had been drawn, the classes were only 
empty boxes, which then had been filled as the model was evolved. When the 
model is completed traceability will be guaranteed, and this is the strength of this 
methodology. It will be possible to have traceability of every single piece added to 
the model; it will be possible to see how the change of a parameter in the 
conceptual stage will affect the final result; it will be possible to link requirements 
to functions, and so to evaluate the impact of the change of some requirements in 
the final product. This last aspect can be particularly useful when a new program 
starts. It makes possible the designer to have immediately an idea about how a 
requirements change can modify the early stages of the project, and therefore the 
parts to be redesigned or the parts to be adapted. 
 
 
Figure 4-16 - Class: Attributes and operations 
 
Class diagrams have further characteristics, not shown in the figure 4-16, but 
specified in appendix A. 
 
4.9 Use Case specification: Object Sequence Diagram 
 
The second diagram that is possible to generate from an use-case is the Object 
Sequence Diagram. The Object Sequence Diagram specifies a series of 
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interactions in terms of control flow. The control flow is defined by sending and 
receiving messages between lifelines. A message combines control and dataflow. 
It initiates behaviour in the object receiving the message and passes inputs to the 
behaviour. The time ordering of the messages is associated with the vertical 
placement of the message on the diagram. Complex sequences are abstracted into 
a reference sequence diagram. Conditional logic can be included to represent 
alternative, sequential flows, and loops.   
 
 
Figure 4-17 - Object Sequence Diagram 
 
 
The figure above, figure 4-17 shows the Object Sequence diagram for the use case 
“ control aircraft direction”. In this diagram are show all the inputs, in terms on 
information, that the pilot can send, and how the controller distribute them to the 
aircraft’s component. There are shown also the kind of information, which are 
exchanged. The entities are the same that can be seen in the assembly diagram in 
figure 4-5 which is also consistent to this one displaying the exchange of 
information shown here. The use case “ control aircraft direction” was already 
explained through the previous swim lane diagram. This diagram adds more 
information to that use case that starts to be well defined at this level of details. 
This is the way in which the entire model has been built. 
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4.10 Parameters 
 
The second step in the specification of the system is the analysis of the relevant 
parameters that lead the specification of the use case under study, and as a 
consequence the design of the system. The starting point in the aircraft design is 
to fix a set of top-level parameters (i.e CG range, wing position, engine position, 
LG position and many others) according to the type of aircraft that has been 
decided to realize. Different configuration concepts can be analyzed, and trade off 
studies for different solutions can be made, via modelling and simulation, in order 
to achieve the one which match as much as possible the customers’ and market 
needs. Once the configuration is fixed it become a constraint for the rest of the 
project. Among all these parameters, the ones that mostly affect the control of 
aircraft on ground are the LG positions. It is clear that its definition not only 
affects the design of the LG itself and the aircraft performances and 
manoeuvrability, but also the future development of the overall airplane. 
The diagrams, which follow, try to explain more in details the concepts expressed 
above. 
In the structure diagram shown in Fig.4-5 have been defined some parts which 
form the entire airplane. Each part is determined by a set of a properties and 
operations. The parameters, which have been taken into account to build the 
following diagram, are properties referred to those parts. The aim of the diagram 
depicted in figure 4-18 is to lay-down a list of top-level parameters and to analyze 
the dependency of each parameters to each other, and to try to understand how 
each parameter affects the use case of interest. In the diagram, is represented 
another use-case which is “grant passenger comfort”, to show that the same 
reasoning can be applied for each different use-case. 
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Figure 4-18 - Relationship between top-level parameters and use-case 
 
The existing relationships among all the parameters will be explained in the 
following pages as well as the influence that they have in the manoeuvrability of 
the aircraft on ground. Every single relationship can be expressed and visualized 
textually in the specific tab description. Figure 4-19 shows the description of the 
relationship between CG position and wing position. 
 
 
Figure 4-19 - Relationship description 
 
The type of diagram above is the general drawing diagram. This is a very useful 
type of diagrams since it gives a flexibility and freedom to the designers giving 
them the choice to depict the diagrams freely as they like; not following particular 
restriction (not real restriction but constraint due to the rigor and semantics of the 
language). What this type of diagram guarantees is the continuity, the consistency 
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of shape of the different items, so that a use–case will always have an oval shape 
and a class will have a rectangular shape. 
For each parameter a list of constraint is analyzed. These constraints generally 
come from physical aspects, safety reason, stability matters, etc. The aim of this 
part of the work is try to formalize this phase, making also a link to the 
requirements that can also be collected in the tool.  
Requirements used here are general. They do not belong to any particular 
document. In a refinement of the model these requirements can be replaced by the 
“real requirements” issued by authorities and other stakeholders.  
Let us analyze the four parameters depicted in the previous diagram, trying to 
describe the main constraints and the main requirements, which must be taken 
into account. 
 
 
4.10.1 Engine Position - constraints 
 
The engine can be attached either to the wing or to the fuselage. Both locations 
have as a consequence, a set of constraints that are given by safety, structural, 
comfort or stability matters, etc.  
If it were decided to attach the engine to the fuselage, the leading requirements are 
those coming from safety and comfort. The engines therefore must be attached to 
the rear cone of the fuselage, quite far from passenger cabin, to guarantee their 
comfort and their safety. 
On the other side if it was decided to install the engine on the wing, there would 
be a clearance from the fuselage due to safety and comfort of the passengers; 
however the engines can not either be placed in a position too external due to 
possible structural constraints for instance introduced by dynamic loads in case of 
hard landing.  
These concepts are expressed through the SysML diagram show in Fig 4-20. It is 
another class diagram. The available choices for positioning the engines are 
expressed as classes; each one of them has couple of properties. These properties 
are the degree of freedom that the engine has both on the wing and on the 
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fuselage. Outside the framework there are four packages that contain the 
requirements to be satisfied. As affirmed before, the packages are labelled: Safety, 
Stability, Comfort and Structure (this is not an exhaustive list, merely an 
example). Inside them there are the requirements, expressed through classes, 
which drive to the right positioning of the engines15.  
 
 
Figure 4-20 - Engine position (constraints) 
 
 
4.10.2 Wing Position - constraints 
 
Let us assume that the wing has two degrees of freedom. It can be moved 
forwards and backwards along the fuselage, with the constraint that the centre of 
pressure must always be in front of the CG, to guarantee longitudinal stability of 
                                               
15
 The requirements expressed in this diagram are assumption made by the authors, and based on 
his personal experience. In a refined version of the model, they can be replaced by “real” design 
requirements. 
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aircraft in flight. Beside that, the wing can also be in a high, middle or low 
position, as shown in figure 4-21. 
 
 
Figure 4-21 - Class diagram for wing position. 
 
Each configuration has different behaviour and different aerodynamic 
characteristic that can be explained in the description section. 
 
 
4.10.3 LG Position – constraints 
 
LG positioning depends by different characteristics associated with the aircraft, as 
its geometry, weight and mission requirements. Based on design considerations, 
in this paragraph, are shown algorithms to establish constraint boundaries to be 
used to position the landing gear. The consideration taken into account includes 
stability at take-off/touchdown, and during taxing, and ground manoeuvres.  
 
• Configuration Selection 
 
The tricycle configuration has long been the preferred configuration for civil 
transport. It leads to a level fuselage and consequently to a level cabin floor 
during ground operations.  
The most important features of this configuration are the improved stability 
during braking and ground manoeuvring. The primary drawback is the restriction 
placed upon the location where the main LG can be attached. With the steady 
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increase in the aircraft takeoff weight, the number of main LG could grow from 
two to three of four to accommodate the number of tires required to distribute the 
weight over a greater area. The following analysis is based on a tricycle 
configuration, even if the concept are basically the same for different 
configuration and therefore this section can be easily adapted with a few 
adjustments.  
 
• LG disposition 
 
The disposition of the LG is primarily based on stability configuration during 
taxiing, take-off and touchdown. Compliance with these requirements can be 
determined by examining the aircraft performance on ground and the relationship 
between the CG position and the location of the landing gear. 
The constraints given by stability requirements depend on max. pitch and roll 
angle available, stability at touchdown and stability during taxing. Figure 4-22 
shows restriction for pitch and roll angles, while figure 4-23 show the side 
turnover angle that must be guaranteed to avoid the airplane to tip over. 
 
 
 
Figure 4-22 - Pitch and Roll restrictions 
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Figure 4-23 - Turnover Angle 
 
Taking into account all the aspects above, they give rise to a list of constraints, the 
positioning of the LG results mainly determined as it is shown in the following 
figures. The pink lines, which are only qualitative in these figures, are in fact 
dependent by equations, which link some of the most important LG design 
parameters. The equations used in this analysis are listed below. 
 
Max Roll angle (φ ): The point is to avoid either the wingtip or the nacelle to 
touch the ground as shown in fig. 4-2216  
 
Λ⋅−
−
⋅
+Γ= tantan
2
tantan θφ
ts
hg
                                                                  (3.1) 
 
Where: 
θ  : pitch Angle  
Γ   Measured from the horizon to the bottom of the nacelle in the front view 
or dihedral angle 
                                               
16
 See Ref. [16] 
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Λ          Measured from the chosen landing gear location to the engine in the top 
view or wing sweep 
s  :  distance between the engines or wing span 
t :  track 
hg :  landing gear height 
 
Condition at touchdown: The worse condition at touchdown would be landing 
with the aircraft CG at its aft most and highest location, which can lead to tail 
scrape and tail tipping. Vertical force acting at a distance behind the aircraft CG is 
needed to produce a moment that will pitch the nose downward. Thus a minimum 
allowable offset between the aft-most CG and the main LG mounting locations is 
determined using the following expression: 
 
TDscgm ehl θtan)( ⋅+≥              (3.2) 
 
Where: 
 
es is the total static deflection of the shock strut and tire 
TDθ  is the pitch angle at touchdown. Note that the offset distance is dependent 
on the value of the pitch angle, whose value is similar to the pitch angle at lift-off, 
i.e., between 12 and 15 degrees. For a low-wing passenger aircraft,  
hcg can be approximated assuming a full load of passengers and no wing fuel.  
 
Sideways turnover angle: Forces acting sideways on the airplane in crosswind 
landing condition or a high-speed turn during taxiing could cause the aircraft to 
turnover on its side. It is thus desirable to keep the turnover angle ψ  as small as 
possible. The angle is determined using the expression17:  
 
δψ sintan ⋅= n
cg
l
h
          (3.3) 
                                               
17
 See Ref. [17] 
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where : 
 
)(2tan nm ll
t
+
=δ          (3.4) 
 
δ  is defined as the angle between the aircraft centreline and the line connecting 
the centre of the nose and main LG. The dimensions used in the above equations 
are given in Fig. 4-24 
 
 
Figure 4-24 - lm and ln definition 
 
Figures 4-25, 4-26 and 4-27 show the Landing Gear geometric constraint in the 
plan, front and elevation views. 
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Figure 4-25 - Landing Gear geometric constraint ( plan view ) 
 
 
 
Figure 4-26 - Landing Gear geometric constraint ( front view ) 
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Figure 4-27 - Landing Gear geometric constraint (Elevation view) 
 
 
The above equations contain many parameters. Among all of them, those which 
really play a fundamental role in the conceptual design phase and which are really 
interesting to specify the key use-case “control aircraft on ground”, are the track 
and the wheelbase of the LG and the position of LG itself against the CG. These 
are key parameters needed to specify the performances of the aircraft on ground. 
 
4.11 Link of the parameters to the maneuverability  
 
What has been analyzed so far are the internal links between the parameters 
shown in figure 4-18. However that diagram also shows that there is a link 
between each of these parameters and the use case “control A/C on ground”. That 
is because, as already seen in the preceding diagrams, the lateral control of aircraft 
on ground is under the responsibility of more then one actor. 
How does the engine position affect the manoeuvrability? How does the wing 
position affect the manoeuvrability? What are the effects of track and wheelbase 
on the manoeuvrability? How does the CG position influence aircraft control on 
ground? The answer to all these questions gives useful information to fill the 
“black box” and define the next level of details. 
The engine position has more than one effect on the manoeuvrability of aircraft on 
ground. Very often, to do a U-turn the NWS may be not sufficient to guarantee 
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the manoeuvre to be completed within the safety limits of the airport. If required, 
asymmetric thrust can be applied.  
It is immediate that a configuration with engines attached to the fuselage will not 
support this characteristic, so that the steering system will have be designed taking 
into account also this aspect in its performance requirements. 
Furthermore if the engines are attached to the wing, clearance of the nacelle from 
the ground has to be granted. The constraint on max roll angle is given by the 
equation (3.1).  
The diagram shown in figure 4-28 depicts the track, the wheelbase and the LG 
position against the CG of the aircraft. The relationships are the constraint 
described in the previous section. Some of the relationships are described by the 
mathematical equations, and can also be shown in the TAG definition, while some 
others are just expressed with few description lines as is possible to see in figure 
4-29 
 
 
 
Figure 4-28 - Relationship for main LG parameters and constraints 
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Figure 4-29 - Relationship in a textual form 
 
 
 
Thus, diagram in Fig 4-20 can be modified as follow (fig 4-30). 
 
 
 
Figure 4-30 - Engine position: Constraints and manoeuvrability effects 
 
The last diagram shown in this section is the parametric diagram (fig 4-31). The 
parametric diagram is a type of diagram that did not exist in the UML and has 
been added to support SysML and therefore the systems’ specification. It depicts a 
network of parametric constraints (equations). It describes the parametric 
relationships between the properties that are associated with the different parts of 
the civil aircraft and environment. The aim of this kind of diagram is not to be a 
mathematical model, but to show the relationships among all the parameters, and 
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thus to understand what a parameters change is going to affect. It can be provided 
to the appropriate tool to support detailed performances analysis. The more 
abstract equations can be defined in detail and executed in a simulation 
environment to determine whether whatever requirement is being satisfied or to 
perform sensitivity analysis on the various parameters. 
The parametric diagram is a type of structure diagram. Classes are shown with the 
round corner. This feature is included in the SysML extension. They are 
stereotyped as <<paramconstraint>>. Each class contains a tag definition, which 
respond to the equations. No one equation is displayed even if all of them are 
expressed in the TAG definition. Each class is connected to a series of parameters 
(parts in the model) through different ports, which are not given a specific name.  
The diagram shows a series of parameters, which end up in a set of motion 
equation. It is specified for ground manoeuvre but with few modifications it can 
be reapplied also to the “in-flight” state. 
 
 
Figure 4-31 - Parametric Diagram 
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4.12 External relationships 
 
The last section of the analysis of the use case “lateral control of aircraft on 
ground” is dedicated to the relationship between the civil aircraft and the external 
environment. 
An aircraft is an entity, which operates in the World Air Transportation System 
connecting different airports all around the globe. Airports are grouped according 
to the ICAO Airport Classification. 
Airports belonging to the same group have the same characteristics in terms of 
pavement dimensions and clearances, Terminal Attitude and so on. 
As already seen in Figure 4-4 Terminal, Taxiway and Runway are three 
aggregation of the same class, “airport”. All the information regarding these items 
can be found in Ref [12]. 
 
 
Figure 4-32 - Relationship between Civil Aircraft and airport structure 
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In Fig. 4-32 is represented a class diagram, which aims is to give an overall view 
of the civil aircraft in relationship with the airport and with several actors. 
The specification of each single relationship arise a list of requirements that 
introduce new functionalities, or specify those already existing, and so helps to 
better understand what really is expected from the system. 
The amount of information that we can get from this diagram is wide. However an 
attempt has been made to analyse those aspects that can add value in order to 
specify the lateral control of aircraft on ground.  
Multiplicities are shown along the diagrams. It is be worth remembering that, for 
example, the multiplicity in the relationship between civil aircraft and runway 
means that one civil aircraft can operate on an undefined number of runways, but 
that a runway can hold only one civil aircraft (at a time). 
What follows is an analysis of the relationship between the items. 
The civil aircraft is going to operate on the pavement (runway or taxiway). 
“Operates on” is interpreted as “supported by” and “stays within”. These are two 
functional requirements and they can be captured by use case diagram as it is 
shown in Fig 4-33    
 
 
Figure 4-33 - Aircraft / Pavement relationship 
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Supported by means that the weight on a single wheel must not exceed a defined 
limit given by the ACN (Airport Classification Number) in order not to damage 
the pavement. This is the starting point to decide the number of gears and how 
many wheels per gear are supposed to be designed. Once defined, the following 
steps address the stability of aircraft on ground. 
The landing gear configuration and disposition, therefore, takes into account these 
requirements. Obviously what is stated here is valid for the stability of the aircraft 
on ground. Combining together this use case and stability matters, structural 
requirements are also originated concerning, for instance, the attachment of gears 
to the fuselage. 
The fact that the aircraft is imposed to “stays with-in” the pavement, on the other 
hand, means that off-runway/taxiway events have to be avoided for operational 
reasons, which may also have safety implications. There are two options in which 
an airplane can be manoeuvred on a turn: one is to establish the centreline of the 
taxiway as the path of the nose gear, the other is to assume that the nose gear 
follows a path offset outward of the centreline during turn. The former is selected 
as the critical design case since it is the most demanding of the two in terms of 
piloting skills, i.e. difficulty to keep the NW, which is below and behind the 
pilot’s field of view on the centreline while taxiing, and thus requires a greater 
area of pavement during the manoeuvre as operational margin. 
Clearances from the pavement edge are therefore established, and must be 
respected. This fact affects the performances of the system to be designed.  
Classes represent runways and taxiways, pavement, generally speaking. For each 
given one can be defined some properties: 
 
• Surface characteristics: it is dependant on the material where the aircraft is 
supposed to operate on (asphalt, grass, sand, …) and it is affected by the 
weather conditions; different weather conditions contaminate the 
pavement in different ways. What changes is basically the tyre ground 
interaction, the friction coefficient. This automatically affects the 
manoeuvrability; think about the same manoeuvre done on a dry or on icy 
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surface. Runways scenarios, due to different weather conditions are 
depicted in Fig 4-34.  
 
• Dimension: the three key variables, which identify the dimension, are the 
length, the width and the incline of the pavement. As stated before, 
airports are classified in different groups, each one of them defining the 
standard values for those properties. This class is linked to the ICAO 
Airport Classification Class. The length can be seen as a property, which 
interests mainly the landing or take-off performances, and so brakes and 
thrusts and their functionalities. The width, on the other side, is mainly 
interesting from the lateral control aspect, according to the “stays within” 
use case analysed before. In the U-turn case, the width becomes the key 
parameter. 
 
• Clearances: they are also stated to the ICAO Airport Classification.  
 
The diagram also shows a note, with a definition taken from ref [14], which 
explains what is intended for the conditions previously indicated.  
 
 
Figure 4-34 - Runway Scenarios 
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The two following figures (fig. 4-35 and fig. 4-36) represent the way in which 
SysML helps the definition of these concepts. It is a class diagram, as many seen 
before. 
The runway is a class as well, albeit it is represented as a labelled frame. The 
relationship to the ICAO document helps the traceability to the design. This class 
contains in its description tab, references to the document and the index of it. 
There is no direct link to the document. The description tab is shown in fig. 4-37 
and contains the content of the document. 
   
 
Figure 4-35 - Runway class diagram 
 
 
Figure 4-36 - Taxiway class diagram 
Static Model 
 78 
 
Figure 4-37 - Reference to the ICAO aerodrome design manual 
 
4.13 Relationship between runway/taxiway 
 
During ground operation the airplane is moving from terminal to taxiway and then 
to the runway. Aerodrome angle intersection between runway and taxiway are 
standard. They can be at 45°, 90° and 135°. 
Moreover, U-turn manoeuvre sometimes has to be performed. These are the type 
of manoeuvres that the aircraft is going to do, and thus the capability that the 
system shall guarantee. Common practice is to perform, in normal conditions 45°, 
90° and 135° degrees manoeuvres using only NWS while U-turn may need a 
combination of different inputs. 
Geometric and kinematics studies reveals, what NWS is required to conduct the 
manoeuvres within the safety limits. 
Operating in the airport, the aircraft has to be designed taking into account also 
the airport requirements and the fact that other airplanes make use of the same 
infrastructure.   
Different type of requirements can be derived from these relationships: Taking 
into account of the fact that in the airport other aircrafts operate, the manoeuvre 
above shall be completed in a defined time, to clear the runway (taxiway) and let 
other aircraft complete their mission. 
This is a type of performance requirement. 
Moreover, the same fact (other aircrafts interaction) can originate some reliability 
requirements. A failure in the system can bring along many issues including the 
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fact that if a failure occurs is not only a problem for the aircraft itself, but it affects 
the airport and the other aircrafts and airlines. Reliability requirements are those, 
which define the probability of a failure to occur. 
The remaining relationship to be analysed is the one between the civil aircraft and 
the terminal. It is the one, which has less influence on manoeuvrability matters, 
but anyway it is a relationship that has to be considered in the overall design. For 
instance it can be studied from a compatibility point of view. Embarkement and 
disembarkement of payload is the principal function carried out while the airplane 
is at the terminal. 
 
4.14 The Global View 
 
The last diagram shown depicts a global view, which contains most of the 
diagrams that have been already seen along the static model description. Albeit it 
seems a complex diagram it gives the idea of what the static model is meant to be, 
and of what is its real purpose.  
As stated at the beginning, there is no particular order in which the diagrams 
should be created. This should depend on the majority of information available at 
the time. Each should be used to clarify, inform and build the others. Having 
defined these different views, a much more complete picture of the system starts 
to emerge. The context diagram has defined the system scope and we create a 
precise view of system actors and internal elements. Use cases can then be 
constructed for the actors, and the behaviour elaborated with activity diagrams. 
The system modes and requirements, and non-functional constraints variant will 
then be defined and associated with the use cases. Thus, the use case defines what 
will be done and why, the scenario and context elements define how and where it 
will be done, the systems modes describe when, and the constraints define the 
restrictions. The data model is used to show the interchange of information and 
the activity diagram shows the need for interface devices. Parametric equations 
define the need for and traceability for data model information. Figure 4-38 shows 
some of the relationships between the various diagrams and the traceability that 
can be achieved as a result.  
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Swim Lane 
Interaction Overview Diagram 
Sequence Diagram 
General Graphics Diagram 
Class Diagram 
Parametric Diagram 
Context Diagram 
Class Diagram 
State Modes Diagram 
Class Diagram 
Use Case Diagram 
Structure Diagram 
Figure 4-38 - Global view 
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4.15 Conclusions 
 
The target of the static model was to show how a systematic approach to the 
design can support the specification a complex system such as an aircraft. 
The starting point of this chapter was the Civil Aircraft, the System of Interest, 
seen as an entity in a specific context and with specific functions, albeit top-level. 
Among all the functions, the exemplar to analyze was the lateral control of aircraft 
on ground, as a function potentially executable in different ways.  
All the analysis has been aimed at defining what are the constraints to respect, 
where do they come from and what are their relationships with aircraft’s tasks. A 
wide list of derived requirements was thus seen to originate. The designer 
therefore has to take into account all these requirements in order to implement the 
function itself. Based on this information, the beginning stage of the steering 
system has been addressed.  
In this chapter the author showed how SysML could be used to describe the 
association between requirements and intended representation of what the system 
is to do. The role of the static model is to describe what the system does and not 
how it does it. Therefore the static model represented this way forms the 
specification for the dynamic model. As the model represents the system, it is also 
a graphical specification of the system itself thereby a source of information for 
the system designers. 
 
 
 
 
 
 
Dynamic Model 
 82 
5 Dynamic Model 
 
5.1 Introduction 
 
The overall design process in the model based design engineering consists of three 
main steps, as it has discussed in the main body of this report. The requirements 
analysis aims to answer the questions “ why? “ and “ what? ”  is being asked and 
therefore expresses the rationale behind the work. The static model, represents 
the framework, the container of all the information that the designer should know 
before proceeding, and can be identified by the question “ what? “: what do we 
want the system to do; and finally the dynamic model, which is a solution to an 
aspect of the full problem expressed in the static model. The dynamic model can 
be identified by the question “ How? ”: how does the system work?  
In this thesis there was not enough time to build a dynamic model starting directly 
from the static one. What the author tried to do was to take some of the already 
existing models and identify which elements can be linked to the static model and 
how. The aim of that was to analyze whether the methodology can work or not 
and so to show a methodology. 
 
5.2 Dynamic Simulation 
 
The static model consists of a set of equations, which together are a simplified 
static representation of the real object or system. By implementing these equations 
in software that can solve them, a dynamic model is created and it can then be 
used to simulate the behavior of the system under varying input conditions.  
Therefore the dynamic model is the virtual simulation of the behavior of the 
system under certain hypothesis and assumptions. Any executable model can be 
called “Dynamic model”, since it provides dynamic information, for example time 
histories. 
The dynamic model can use different mathematical techniques (or 'solvers') to 
solve these equations, all of which will produce an approximate solution. The 
nature of the solvers used can vary between different software packages; it can 
Dynamic Model 
 83 
even be varied by user choice within a single software package, depending on the 
performance or accuracy required from the model.  
Thus the output from a dynamic model can never be exact because it is always an 
approximated answer. However this is not a big issue, as what is requested from a 
virtual simulation is that the solution is contained within a pre-defined range, 
which approximates the solution at a level of accuracy that is requested at that 
particular design stage. 
The object-oriented approach has been introduced in the previous chapters, with 
explanation on how it can be used in the implementation of the functions, and 
then through to the definition of the structure. 
Starting from a use-case, a list of functions was defined. The structure of the 
object was designed in order to accomplish those functions, and then from the 
structure several parameters were identified. 
The structure was represented in the static model through the assembly diagram. 
Fig 4-5 shows an example of a assembly diagram. The structure diagram increases 
in complexity as the design progresses down the V-Cycle. For each part of the 
diagram some parameters can be identified.  
The assembly gives the flow of information across the structure; the parameters 
give the equations that drive the motion. The analysis of their change in time is 
the result of the dynamic model.  
Virtual simulations are not a new method in engineering, but they are gaining 
more importance daily, as a result of software improvements. Nowadays, they 
allow testing of different solutions, and making modifications, to predict 
performance without manufacturing the real object, which will be expensive if 
modified later. The model has to be validated before and verified with real data, to 
guarantee that the results provided are correct and reliable. A dynamic model is an 
“open work” that can be modified and updated as long as the design proceeds. 
Simulations are run at each level of the design lifecycle. They are run at aircraft 
level as well as at component level.  
A simple example about the use of the dynamic model can help to clarify the 
concept expressed. If the NWS angle is what we do want to obtain, it can be 
obtained in many ways: hydraulically, mechanically, or electrically. The choice is 
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under the responsibility of the designers. The dynamic simulation helps them 
predicting the performances and thus makes more appropriate choices.    
Simulation tools are wide ranging and cover all the fields of engineering, from 
mechanics to hydraulic, through avionics. Among all the tools used in Airbus the 
main areas for landing gear systems are MSC.Adams, Matlab-Simulink, 
MSC.EASY5. Each of them is used in its specific field however, they can be 
integrated together in the same model, if needed. 
 
5.3 Prior Art 
 
The development of dynamic models can be a long process, which can evolve 
over two or three years, depending on the complexity of the model, and 
granularity needed. 
There are many aspects that cause daily identification of the information and data 
needed and the sources to get these data from. Once the model has been built, it is 
issued with a document18 that explains all is contained in the model, the 
characteristic and functionality of the model and of the object modeled (system, 
component, etc.).  
There is a document for each specific model.  
The focus of the thesis was specific about aircraft on ground operation and taxi-
out phase. One of the most important documents analyzing the taxi-out phase is 
“Modelling Assumptions Document for the ADAMS Baseline Model for Ground 
Manoeuvrability and Braking Performance.19” 
The document explains how the rigid model of the aircraft has been build in the 
ADAMS environment and how it is used to evaluate ground manoeuvrability and 
assess braking performance. The main arguments treated are: engines, 
aerodynamic, rudder, oleomatic suspension, tyre pressure, braking and steering 
system. For each of them has been described the way physic laws are extracted 
and modelled and the laws themselves, the geometry of the key points, points of 
applications of the main forces, etc. necessary to have an exhaustive description of 
                                               
18
 The document is usually called “Modelling assumption document”. 
19
 Contents of this document are contained in Appendix D 
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the model. The static model (framework) is not aimed at replacing this document, 
which needs to be issued with the model, but helps the modeller in the way it 
specify a set of constraint, a set of limits which must be respected by the modeller. 
The framework is something that must be valid across all the Airbus Family, 
made by general concepts to adapt to every single aircraft type. Once the dynamic 
model has been built, it is possible to run the simulations against the scenarios 
identified in the static model. Some of the main aspects that are interesting in 
terms of results to get from this model, are: Loads on LG, torque moment on 
NLG, manoeuvrability performances, airports capability, etc. for the dynamic 
model mentioned before. The attention can also be focussed on other matters, for 
instance the study of the auto-taxing function, in which the point is to realize a 
system (through design controller in Matlab-Simulink) that automatically drive 
the aircraft from the runway to the taxiway. These few examples are only 
concerning modelling activities at aircraft level. EYLIM is conducting a lot of 
other simulation activities concerning other aspects of the LG design and 
performances. It is out of the scope of this report to talk about them, but is key to 
highlight that the framework described in this thesis is the same also for those 
activities. 
 
 
5.4 Link between Static and Dynamic Model 
 
The ideal process that is expected to take places in the future sees a unique flow of 
information from the beginning of the design to the realization of the product. 
Everything will be done in the same environment to guarantee a fluent and 
uniform flow of information along the process.  
It has been already explained how the requirements are analyzed, and how they 
can be represented in the static model. To close the loop it will be now explained 
what is the link between the static and the dynamic model. 
The first aspect, which is important to highlight, is that there is a single 
framework, a single static model, and it is from this that all the dynamic models 
are derived.  Those models run simulations at all the levels once the framework is 
done. 
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Figure 5-1 explains in a simple way this concept. The main aspect is the common 
source for all the models. 
 
 
 
Figure 5-1 - A single static mode can give raise to more than a dynamic models 
 
The role of the dynamic model is to describe the intended behavior of the system 
of interest, taking the equations, which are part of the static model, and 
implementing them in a way that they can be solved. The static model gives 
specification for the dynamic model taking into account the different aspects: The 
parametric diagram (see fig.4-31) is one of them, but not the only one. It shows all 
the parameters, and the link they have with each other. Beside, the static model 
shows a list of constraints that must be taken into account. All of them must be 
translated in a mathematic expression as well, or from them must be defined 
several boundary conditions which then drive the design. All the aspects that are 
defined in the static model must be reflected in a dynamic one at their appropriate 
level. 
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The link between static and dynamic model is not only at a mathematical level. 
The concepts expressed in the framework must be converted in virtual design 
solutions, which will be then used to predict the performances. As it has been 
already mentioned, the static model specifies the Dynamic model, in the sense that 
it contains the guidelines for the designer to follow. Fig 4-14, for instance, shows 
the way in which a pilot can generate a yaw rate to do the lateral control of the 
aircraft. However it doesn’t specify how those solutions must be used, how to 
combine them together, what are the limits for each of them, it only states what 
are, potentially, the ways in which the system may work. The aim of the dynamic 
model is exactly that one: to analyze different solutions, to make trade off studies 
in order to achieve the best solution.  
The “modelling assumption document“ mentioned previously contains exactly the 
same concepts specified in the swim lane diagram (fig. 4-14) and for each of them 
specifies all the functions, how they are built, and the rationale behind the 
assumptions made and the decisions taken. When a new programme will be 
analyzed at that level, the framework will be the same (as long as aircraft concept 
and geometry don’t change) but the way in which the model is built can be 
different according to the requirements that needs to be fulfilled. That is the 
fundamental advantage of the methodology shown; a solid base upon which to 
build future models.  
 
 
5.5 Example of Dynamic Models 
 
Landing Gear Modelling & Simulation team makes studies on all the design 
aspects referred to the LG. The next figures show some of the activities that are 
currently carried on and the dynamic models built for those studies. They are 
referred to some simulations made in Adams or Matlab-Simulink environment. 
The first one, Fig 5-2, is about a ground maneuverability simulation, the second 
one, Fig 5-3, is concerning Extension/Retraction simulations whilst the last one, 
Fig 5-4, is referred to antiskid control system. 
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These examples have just been taken to show that simulations are run at all levels 
of design life cycle. The future work at the moment is the static model for the 
lower level of the design life cycle, which will be the next stage for this activity. 
 
 
 
Figure 5-2 - Ground Manoeuvrability Dynamic Model 
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Figure 5-3 - Extension/Retraction Dynamic Model 
 
Figure 5-4 - Antiskid Control System Dynamic Model 
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6 Conclusions 
 
 
Modelling and Simulation is a branch of engineering, whose importance has 
highly increased over the last few years. The advantages of a model driven design 
are well documented, both in standard textbooks as well as engineering journals. 
Through modelling, it is possible to test different solutions in a virtual way, to 
make modifications, to predict performances, to discover anomalies and resolve 
them before the real objects are realized. Modelling activity is not only related to 
the simulation environment. The model built in this thesis (static model) is a 
description of the A/C and its functionalities, made through diagrams, another 
form of models. The SysML has been developed to analyse, specify, design, and 
verify complex systems, in order to enhance their quality, and improve the 
exchange of information among the engineering community.  
SysML is a new modelling language, however, it has its basis in UML. Nowadays 
the specification of the SysML is at version 1.0, currently available in draft 
format. Some software companies, for example Artisan, have started to implement 
the language within their specific tools, but there is not yet a standardised SysML 
tool. This aspect has not been an obstacle in conducting the thesis, as even 
standard languages have different “dialects” that the software vendors produce to 
give them the competitive advantage. SysML is an approach to address a subject 
that is relatively new, it is perceived to become the standard for systems 
engineering community, and therefore it has been worth investing on this subject. 
This thesis has approached the definition of a system from a top-down approach, 
at the same time shown how a bottom-up implementation enables the re-use of 
known solutions. The aim of the research was to show the benefits of this 
approach, rather than to find innovative design solutions. The SysML fits in better 
in the description of specific systems rather than general systems like an Aircraft. 
However, the choice to describe the model starting from the top-level concepts 
was made by the author to show the real benefits that this work can bring to 
support the design decision-making process. The use of common concepts, such 
as aircraft, airports, passengers and so on, is something that everyone has 
experienced and so that can be easily understood. The idea can then be extended 
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to provide an equal level of consensual understanding in the more complex 
concepts. The model built consists of approximately forty diagrams. There is no 
single path to follow in preparing, or reading the model. This fact does not 
improve the design complexity, but instead is a way to handle this complexity, 
acknowledge that design proceed simultaneously and collaboratively at different 
levels of granularity. 
The user can go from one diagram to another according to their areas of interest. 
Each items defined in the model can be traced, and so all its relationships, 
dependencies, interactions, are always available to the user. The designer just 
chooses the preferred path, and delves into the aspect he or she is more interested 
in. The features of the tools that have been highlighted in this report are only the 
principal ones, with some explanations of the semantic. It was out of the scope of 
this thesis to go too in details on these aspects, as it introduces the subject since 
the implementation of the ideas will differ from enterprise to enterprise. Here to 
explain how this tool can support the specification of the System of Interest, how 
the existing interactions at the top level stage are carried out through the lower 
layers of the design life-cycle, how the traceability with the requirements has been 
graphically elucidated by the SysML tools. The work is based mainly on the 
experience accumulated in the one-year placement at Airbus UK Ltd. – Filton, 
Bristol, and in the university years. However the same work can be re-done from 
the same of view from the onset of a programme, with key expert from each field 
to avoid gaps at the very early stages.  Thereby taking into account the complexity 
of the design. 
The following section describes the benefits and the future work that this study 
has identified. 
 
Benefits 
  
One of the major improvements to the design that this thesis expresses is that 
people will have a common understanding of the problem to be solved. The 
language aims to be unambiguous, which can only happen if the community 
knows the language. Each symbol has its own meaning, each entities is defined in 
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a certain way, and has its own characteristics which are defined and maintained 
along the overall model. Thus, misunderstandings are minimised. Each single 
diagram has a unique meaning. The use of a standard language is the bases to 
achieve this result. A large and international company, such as Airbus can really 
benefit from the introduction of the SysML in the conceptual design phase, and 
then throughout the design process. People have to be trained to use the language, 
which requires some investment, primarily in time. However with a good training 
and a correct implementation of SysML the potential advantages would be 
 
• A more structured and intuitive description of the system, leading to a 
• Faster understanding of complex systems. 
• Traceability of all the decision taken and their link to the requirements. 
• Consistency through all the design life cycle, with the top-level view. 
 
Together with the common understanding of the problem, the model built makes 
available to communities of engineers who are working on the same projects, a 
common source of design information. All the stakeholders (i.e. people who are 
interested in the project) can get or add information from/to the model. The tool 
itself provides this features through a server-client installation, which allows 
different people to work on the same model from different machines. 
Another innovative point introduced by this approach is that this is a 
collaborative, multidisciplinary work. The design of the means responsible for 
the control of A/C direction is made taking into account all the inputs from areas 
like loads, aerodynamic, systems, aerodromes, pilots procedure, etc. All these 
areas have their own requirements to this function. 
This is another reason why the concept phase must be a sharing work between key 
experts in different subjects. The definition of the context diagram is aimed at 
giving the first view of this aspect, and then expanding each single entity the 
interconnections are taken along through the layers. The parameters or the 
constraint, as well as the performances are defined starting from the context, what 
is not defined in the context cannot be introduced later, without a rationale that is 
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also shared by the community of stakeholders. This forms a coherent approach to 
the evolution of the system under design. 
Another benefit of this work is that, the description of the static model, enable 
potential reuse for the next projects. The more it has to deal with abstract 
concepts, the more the work may be reapplied in the future. The inputs coming 
from the requirements will be different, but they are generally linked with the 
different aspect of the model, so that a change in a requirement will be translated 
to a change in the model. The entities, which will be affected by that change, can 
be easily identified. As long as the aircraft functions don’t change, the type of 
framework described in this these can be reused to identify different type of 
solutions and innovation. 
Moreover, this methodology is not strictly related to the aerospace field, but can 
be used to describe each complex system that need to be analyzed, from the 
automotive field, to the mechanical, and even a system of people (e.g. 
organisations). 
 
Future work: Improvement of the Static Model 
 
The thesis describes a new methodology that can be applied to bridge the gap in 
model driven design definition and provide traceability between the requirement 
capture phase and the design (in terms of modelling in this specific case) 
introducing formalisms and a fixed semantic understandable by everyone. 
Building the static model is an evolutionary activity because such a complex and 
wide system can be visualise from many different points of view. The aim of this 
work was to show a methodology. Decision has been taken to investigate the 
lateral control of A/C on ground, starting from a top-level view through the first 
layer of the design lifecycle. 
Definitely one of the future improvements that can be made is the “exploration” 
of other use-cases. Referring to figure 4-8 (Use case diagram control A/C on 
ground) each single use-case, each relationship between actors and use-cases 
generate a series a new functionalities, study can be carried out through all the 
layers of the design life-cycle. If “grant passenger comfort” for instance had been 
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analyzed, we would have been probably found a relationship with the lateral 
acceleration of the Aircraft or with some characteristics related to the shock 
absorbers. These two new aspects however, would not be standalone entities, but 
they would be easily linked with existing object previously created in the model. 
Interactions and interconnections internal and external made at A/C level have to 
be consistent through all the levels. 
Therefore the static model can be elaborated, and the more it is, the more its 
meaning become clear and really useful to the design engineers. It starts to 
become the real framework from which the system is specified. There is full 
consistency between the system and the model. To improve the model the best 
way would be to involve key experts in the specific area to be addressed, not to 
lose the existing knowledge of the company, and at the same time to spread the 
use of the language within other areas.  
The drafting of the conceptual entities and the establishment of relationship 
among them, either at the beginning, in the conceptual phase, or through the 
layers of the design life cycle, is fundamental for the result of the model, since it 
is from them that everything it is based. Experience in design concepts is 
necessary therefore for a good comprehension of all the questions to be analyzed 
at the early stages. People involved in details design should not be involved at the 
early stages as they have a tendency to address early definition of a solution rather 
than to understand and clarify the requirements, but their support is, of course, 
imperative later on.   
The methodology described can be developed in the conceptual phase of each 
design stage. The conceptual stage is key in the design. If ideas are clear at this 
stage it will be easier to avoid changes and thus to save money during the 
development of the system, as the right product will be designed. The example 
made for the landing gear should be taken as a guideline for the next areas to be 
analyzed. The important information to extract is not the design details but all the 
information necessary to achieve a good quality design.  
The static model does not exist in isolation, but as seen in chapter 4, it is the base 
for the dynamic model, and therefore also for the system definition. Once all the 
parameters which interest the conceptual stages are defined, and have been 
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analyzed, and all the constraints coming from all the different entities that the 
system of interest is related to, a n-variable functions, where n is the number of 
the parameters, can be built in order to carry on sensitivity studies to predict the 
best configuration. For instance, one can implement a function that predicts the 
efficiency of manoeuvrability or the overall cost or of the overall A/C mass, etc. 
Each of this benchmark can be then analyzed against all the parameters that it is 
related to, thereby defining aircraft properties, e.g. define the track, the wheelbase, 
CG position range, wing position, etc. 
The QFD methodology interacts at this stage and it is a very powerful and 
important tool. It allows a systematic approach to the customer needs to be 
analysed. In turn, this can help to decided which weight to assign to each 
benchmark (these may change according to the project i.e. military aircrafts have 
different objectives in respect to civil ones) and so what it is better for one may be 
detrimental to another. For example, if from the customer needs, it arises that the 
product to be realized must be a product whose efficiency in manoeuvrability 
must be very high, the importance of that voice in determining the track value will 
be very high. This simple example is described only with one parameter, however 
it can be expanded in n dimension according to the number of parameters it is 
decided to consider. Through the static model it has been shown, that the link 
between the parameters is often complex, and not easily inferred. So a parameter 
affects and is affected by many other parameters. That function therefore has to be 
studied in n dimensions. 
The number of parameters depends on the accuracy of the studies it is carried out. 
The more are the parameters taken into account the more refined will be the 
solution. However, early use of highly refined models is also spurious, as the 
details will generally be false artefacts. 
The definition of the function, which links all the parameters together, is 
definitely a complex task. Trade off studies, simulations can be carried out to 
define and refine different solutions and to check which is the best one to pursue. 
However, once the function is collaboratively defined, there would be a huge time  
save in the conceptual stages.
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Appendix A - Systems Modelling Language 
(SysML) 
 
 
A.1 Introduction 
This appendix contains a first, brief description of the System Modelling 
Language. At the beginning a short history about how SysML has been traced 
together with its relationship with the UML. Then all the different types of 
diagram available in this language are described, trying to highlight the most 
important features for each of them and the field of application. If the reader 
desire to delve into a more detailed explanation, the SysML specification (from 
which some part of this appendix are taken) is available at the official website 
www.sysml.org . The specification contains also the list of all the semantic 
symbols typical of each diagram. The last paragraph summarizes all the partners 
involved in the specification project.  
 
A.2 A brief History 
Currently it is a common practice for systems engineers to use a wide range a 
modelling languages, tools and techniques on large systems projects. In a manner 
similar to how UML (Unified Modelling Language) unified the modelling 
languages used in the software industry, SysML is intended to unify the diverse 
modelling languages currently used by systems engineers. During the past four 
years, systems engineers have been progressively adopting the Unified Modelling 
Language (UML). Consequently, the decision made by the Object Management 
Group (OMG) to pursue UML for systems engineering. In March 2003, the OMG 
issued a Request for Proposal (RfP) for a customized version of UML suitable for 
systems engineering written by the SE DSIG (SysML, 2003). The customisation 
of UML for systems engineering is intended to support modelling of a broad 
range of systems, which may include hardware, software, data, personnel, 
procedures, and facilities. The SysML group submission proposed a Systems 
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Modelling Language, SysML. The SysML consortium has a broad range of 
members, including system engineers, tool vendors, government organizations 
and academic institutions, which include also BAE Systems. Systems Modelling 
Language (SysML) is a new visual modelling language for systems engineering 
applications. It supports the specification, analysis, design, verification and 
validation of a broad range of systems and systems-of-systems. These systems 
may include hardware, software, information, processes, personnel, and facilities 
systems engineering applications. SysML is designed to provide simple but 
powerful constructs for modelling a wide range of system engineering problems. 
It is particularly effective in specify requirements, system structure, functional 
behaviour and allocation during specification and design phases of system 
engineers. Other models include parametric models, requirements relationships, 
causal analysis, verification models, and decision trees. It is important to 
remember that UML and SysML are simply notations, and not a methodology or a 
process. It is up to the practitioner to decide how he will make use of the 
language.  
In order to visualize the relationship between the UML and SysML languages, 
consider the Venn diagram shown in Figure 1, where the sets of language 
constructs that comprise the UML and SysML languages are shown as the circles 
marked “UML” and “SysML”, respectively. The intersection of the two circles, 
shown by the crosshatched region marked “UML reused by SysML,” indicates the 
UML modelling constructs that SysML re-uses. Note that there is also a 
substantial part of UML 2 that is not required to implement SysML, which is 
shown by the region marked “UML not required by SysML.” . 
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Figure 1 - Relationship between UML and SysML 
 
A.3 General Architecture 
 
In order to understand the SysML package structure, it is helpful to understand the 
UML Superstructure package structure which it extends. UML2 superstructure 
package structure is shown in Figure 2. Each package contains metaclasses that 
define the basic language constructs. The dependencies between the packages are 
shown as dashed arrows. The metaclasses and their interrelationships in a package 
are specified in the UML Specification as one or more class diagrams to specify 
the abstract syntax along with the class descriptions, constraints, and concrete 
syntax (notations). Collectively all the packages along with their class diagrams, 
class descriptions, and constraints are referred to as the UML metamodel. 
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Figure 2 - UML Superstructure Package Structure 
 
The UML metamodel defines packages for structural, behavioural and auxiliary 
constructs, as well as profile constructs for customizing the language. The 
packages for structure include Classes, Composite Structures, Components, and 
Deployments. The packages for behaviour includes Actions, Activities, 
Interactions, State Machines and Use Cases, as well as a Common Behaviour 
package. The UML package structure corresponds closely with the UML major 
diagram types. 
As previously stated, the design approach for SysML is to reuse a subset of UML 
and create extensions to support the specific requirements needed to satisfy the 
requirements in the UML for SE RFP. As shown in Figure 3, the SysML package 
structure is largely aligned with the UML package structure.  
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Figure 3 - SysML Package Structure 
 
Some UML packages are not being reused, since they are not considered essential 
for systems engineering applications to meet the requirements of the RFP. State 
machines, interactions, and use cases are included in SysML without 
modification. Some new extensions have been added to SysML packages for 
activities, classes, and auxiliary. The assemblies package reuses structured classes 
from composite structures and adds some minor extensions. New SysML 
packages have been added to support new constructs for Requirements, 
Parametric, and Allocation. 
 
A.4 Structural Construct 
 
First of all has been defined the static, structural constructs used in SysML 
structure diagrams, including the Class diagram, Assembly diagram, and 
Parametric diagram. This kind of diagram is often used to describe the system and 
all its components, the interfaces among them, the variable, which change in the 
time. The function and contents of these packages are specified in the following 
paragraphs, one for each of these three SysML diagram types. 
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A.4.1 Class Diagram 
 
Class diagrams define classes and relationships between them. Classes describe 
items of interest using features that include attributes and operations. Class 
relationships include associations, generalization, and dependencies. Associations 
have association ends that are used to specify multiplicity, navigability, ordering, 
and other features. Classes can be instantiated by uniquely identifying an object 
and creating the features and relationships of the class which describe it. 
The class diagram can be used to represent many different aspects of a system. 
One example is to depict the conceptual elements that capture an operational 
concept. Another example is to represent an abstraction of the system and its 
components. Yet another is to specify an entity relationship diagram that describes 
relationships among the data in a system. 
 
A.4.2 Assembly Diagram 
 
A SysML Assembly diagram describes a system as a collection of parts, which fill 
specific roles within a larger whole. The primary purpose of Assembly diagrams 
is to allow a modeller to describe the decomposition of components into parts and 
ports. Information flow along the connections can also be shown. They can also 
be used to show interfaces provided by, and required by, components and/or their 
parts. 
The ownership of parts by an assembly defines the boundary of a system. The 
assembly also shows the connections between parts that enable their 
interoperation as part of a larger whole. Some of the parts of an assembly may be 
shown as ports, to indicate that they can be connected externally in a larger 
context in which they are used. Each part can be defined by a class with its own 
parts, ports, and internal structure, so a uniform set of elements can be applied 
across multiple levels of a system hierarchy. The SysML assembly model 
provides a general-purpose capability to model systems as trees of modular 
components. The specific kinds of components, the kinds of connections between 
them, and the ways these elements combine to define the total system can all be 
selected according to the goals of a particular system model. 
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Assembly diagrams can be used earlier in the development life cycle, to model the 
decomposition and interaction of physical systems and subsystems. 
 
A.4.3 Parametric Diagram 
 
Parametric Diagrams are traditionally used to model properties and their 
relationships, which represent an arbitrarily complex mathematical or logical 
expression or constraint, between properties, and the corresponding mathematical 
and logical expressions and constraints, which specify the allowable range of 
values for the properties. The Parametric Model can include differential equations, 
logical expressions or other constraints expressed in a specific language. 
Parametric models are generally captured in analysis models to support feedback 
and control, performance models, and engineering models for reliability, safety, 
mass properties, design to cost, etc.  
Parametric constraints provide mechanisms for integrating engineering analysis 
such as performance and reliability models with SysML assemblies. They depict a 
network of constraints among properties of a system. These constraints may be 
used to express mathematical expressions that relate the properties of physical 
systems such as the aerodynamic forces on an airplane. Such constraints can also 
be used to identify critical performance parameters and their relationships to other 
parameters, which can be tracked throughout the system life cycle. 
Parametric models are analysis models that define a set of system properties and 
parametric relationships between them. A parametric relationship states how a 
change to the value of one property impacts the value of other properties. 
Typically, these properties express quantitative characteristics of a system, but 
parametric models may be used on non-quantitive properties as well. Parametric 
relationships are non-directional and so have no notion of causality. A parametric 
constraint can be used to express relationships between properties that are 
identified in the structural model of the system. These relationships can be built 
by reusing more primitive parametric relations such as basic mathematical 
operators.  
Time can be modelled as an additional property that other properties can be 
dependent on. The time reference can be established by a local or global clock 
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which produces a continuous or discrete time value, and which is defined by a 
property at some level of the system. Other values of time can be derived from 
this clock, by introducing other clocks that introduce delays and/or skew into the 
value of time.  
 
 
A.5 Behavioral Constructs 
 
This Part specifies the dynamic, behavioural constructs used in SysML 
behavioural diagrams, such as Activity diagrams, Sequence diagrams, and State 
Machine diagrams. The Activity represents the basic unit of behaviour that is used 
in all behavioural diagrams. An activity is a behaviour that is composed of 
actions, some of which may invoke other activities. The State 
Machine diagram includes activities that are invoked during transition between 
states, upon entry or exit from a state, or while in a state. The Sequence diagram 
includes activities as methods of operations that are invoked by messages. The 
following paragraph describes these diagrams. 
 
A.5.1 Activity Diagrams 
 
Activity Diagram can be used as a modelling tool in a wide variety of situations, 
ranging from high-level business process modelling to detailed description of 
multi-tasking activity. An activity diagram shows sequences of actions normally, 
but not always, separated into swim lanes, where each swim lanes can be used to 
represent a specific entity such an organizational group, a subsystem, or even a 
thread of control on a processor.  
Activity diagrams are used for documenting existing process (As-Is), analyzing 
new Process Concepts (To-Be), identifying IT levers and finding reengineering 
opportunities. They are mostly used to show parallel behaviour between the 
different events and activities. Behaviours in several use-cases interactions can be 
shown using them.  
In many ways UML activity diagrams are the object-oriented equivalent of flow 
charts and data flow diagrams from structured development.   
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A.5.2 Sequence diagram 
 
The SysML interaction diagrams include the sequence diagram and timing 
diagram, and are unchanged from UML 2, except for some minor notational 
enhancements to timing diagrams.  
The sequence diagram specifies a series of interactions in terms of control flow. 
The control flow is defined by sending and receiving messages between lifelines. 
A message combines control and dataflow. It initiates behaviour in the object 
receiving the message and passes inputs to the behaviour. The time ordering of the 
messages is associated with the vertical placement of the message on the diagram. 
Complex sequences are abstracted into a reference sequence diagram. Conditional 
logic can be included to represent alternative, sequential flows, and loops. Gates 
provide interaction points with external lifelines. Lifelines can be decomposed 
into their constituent parts. 
 
 
A.5.3 State Modes diagram 
 
The State Mode package defines a set of concepts that can be used for modelling 
discrete behaviour through finite state-transition systems. The state machine 
represents behaviour as the state history of an object in terms of its transitions and 
states. The activities that are invoked during the transition, entry, and exit of the 
states are specified along with the associated event and guard conditions. 
Activities that are invoked while in the state are specified as "do Activities", and 
can be either continuous or discrete. A composite state has nested states that can 
be sequential or concurrent. 
The class diagram provides a static view of the classes that is their properties and 
relationships. It says nothing about how the classes behave dynamically, that is 
what event it must detect and how it should respond to these events. In objected 
oriented modelling, it is common to illustrate this dynamic behaviour by creating 
a state diagram for each class that has a significant behaviour.    
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A.5.4 Use Case diagram 
 
The use case diagram describes the usage of a system (subject) by its actors 
(environment) to achieve a goal that is realized by the subject providing a set of 
services to selected actors. It is a service provided by the system to the actors. 
The use case can also be viewed as functionality and/or capabilities that is 
accomplished through the interaction between the subject and its actors. Use case 
diagrams include the use case and actors and the associated communications 
between them. Actors represent classifier roles that are external to the system that 
may correspond to users, systems, and or other environmental entities. They may 
interact either directly or indirectly with the system. The actors are often 
specialized to represent taxonomy of user types or external systems. 
The use case diagram is a method for describing the usages of the system. The 
association between the actors and the use case represent the communications that 
occurs between the actors and the subject to accomplish the functionality 
associated with the use case. The subject of the use case can be represented via a 
system boundary. The use cases that are enclosed in the system boundary 
represent functionality that is realized by behaviours such as activity diagrams, 
sequence diagrams, and state machine diagrams.  
 
A.6 Other diagrams 
 
A.6.1 Requirements diagram 
 
 
A requirement states a capability or condition that a system must satisfy. A 
requirement may specify a function that a system must perform or a performance 
condition a system must satisfy. SysML provides modelling constructs to 
represent requirements and relate them to other modelling elements. A 
requirement can be decomposed into sub requirements, so that multiple 
requirements can be organized as a tree of compound requirements. Requirements 
can be related to each other, as well as to analysis, design, implementation and 
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testing elements. A requirement can be generated or deduced from another 
requirement using the «derive» relationship. A requirement can be fulfilled by 
other model elements using the «satisfy» relationship. A requirement can be 
verified by test cases using the «verify» relationship. All of these are 
specializations of the UML «trace» relationship, which is used to track 
requirements and changes across models. Modellers can customize requirements 
taxonomies by defining additional subtypes of the SysML «requirement» 
stereotype. For example, a modeller may want to define the following subtypes of 
«requirement»: Operational Requirement, Functional Requirement, Interface 
Requirement, Performance Requirement, etc. Specialized requirements may 
restrict the types of model elements that may be assigned to satisfy the 
requirement. For example, a Performance Requirement may require a parametric 
relation along with an associated tolerance and probability distribution on the 
properties that satisfy the requirement. A requirement can define its own 
properties, thereby providing a computable value to accompany the textual 
statement of the requirement. Initial values for properties can be assigned to 
requirements, and are inherited by specialized requirements. 
 
A.6.2 General Graphics diagram 
 
SysML is a formal language and it uses a fixed semantic to describe all the 
diagrams seen above. However the Studio 6.0 gives also the modeller the 
possibility to build a General Graphics diagram. The General Graphics Diagram 
allows the modeller to draw generic diagrams. This kind of diagram has often 
been used in the model to express several concepts that were difficult to be 
expressed using a different type of diagram. Albeit the decision of what 
describing through this type of diagram is under the complete responsibility of the 
modeller this fact is not incoherent with the rigour and the formality of the 
SysML.  The items on the diagram in fact can be linked to items in the model. 
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A.7 Partners 
 
The SysML is an open source specification project. The basic idea behind the 
word open source is very simple: when programmers can read, redistribute, and 
modify the source code for a piece of software, the software evolves. People 
improve it, people adapt it, and people fix bugs. And this can happen at a speed 
that, if one is used to the slow pace of conventional software development, seems 
astonishing. 
The SysML partners in 2003 founded this project. SysML Partners is an informal 
association of industry leaders and tool vendors who organized to develop the 
Systems Modelling Language (SysML) specification using an open source license 
for distribution and use. The SysML Partners have submitted SysML v. 1.0a to the 
OMG in response to the its UML for Systems Engineering RFP. It has also been 
submitted to the INCOSE Model Driven System Design Working Group for 
technical review. Among the partners of SysML there are industries such as BAE 
Systems, EADS Astrium GmbH, Lockeed Martin Corporation, The Boeing 
Company, Motorola, Inc., there are government institution as NASA/JPL, and 
also tool vendors Artisan, IBM, Telelogic and I-Logix. Further information can be 
found at the SysML website. 
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Appendix B - ARTiSAN Studio® 6.0 
 
 
The tool used to build up the model in this thesis is ARTiSAN Studio® .The 
version available at the present time is the 6.0. This tool has been developed by 
Artisan Software Tools. In this Appendix are shown all the futures embedded in 
the tools. Part of them was not used in the development of this model, but their 
investigation and application, as already said, can be another one among the future 
development of this thesis.  
ARTiSAN Studio® is a client-server application, with the repositories held on the 
server and access to their contained models provided by the Studio user interface 
from the clients. This is key for a development of the model, because as stated 
also in chapter 5 one of the strength of this methodology is that it is a 
multidisciplinary one, which take into account inputs coming from different areas. 
So the fact that everyone can access the same model encourages the development 
of the model itself. The description of the tool, which follows, has been extracted 
by the Artisan Official Website.  
 
ARTiSAN Studio® 
 
ARTiSAN Studio® is a multi-user suite of development tools that provides 
systems and software modelling and component-based development specifically 
for technical systems 
ARTiSAN Studio is an integrated suite of UML® modelling tools targeted to 
meet the development needs of technical systems. By embracing the latest UML 
2.0 and SysML standards, it is the tool of choice for complex mission-critical 
systems and software engineering. 
ARTiSAN Studio is highly scaleable and suitable for use on small and large 
technical projects. Its proven multi-user repository provides a stable, robust 
working environment ensuring high availability of model information, while 
securing all valuable data. Engineering teams using Studio’s powerful suite of 
tools can model systems and software, document legacy systems, and generate 
new code with complete control. 
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DoDAF Profile 
 
With its support for UML 2.0 and SysML, ARTiSAN Studio is the market-leading 
tool for systems engineering and has a strong customer referral list within the 
Aerospace and Defence industry. The DoDAF profile extends ARTiSAN Studio 
to provide an environment in which the entire range of DoDAF products can be 
modeled in a single repository, ensuring architectural consistency and 
completeness across all the DoDAF views. 
ARTiSAN’s robust client-server technology scales to any configuration, whether 
you are working on a notebook or large multi-user/multi-site configuration. The 
active dictionary enables the maintenance of all the DoDAF entities and diagrams 
and includes the unique ability to embed rich text references to create rich, 
navigable, and self-maintaining architectures. You can describe DoDAF 
compliant architectures using DoDAF diagrams, icons and symbols. This is built 
upon industry-leading UML 2.0/SysML technologies, enabling you to take 
advantage of ARTiSAN Studio’s pedigree as a robust and feature-rich platform. 
 
Ergonomic Profiling 
 
Using Ergonomic Profiling, ARTiSAN Studio will take on new menus and 
explorer windows based on the UML profiles the user is working with. This 
includes new icons, item types, and diagrams. If you imagine the UML 
metamodel as the sponge of a cake, it allows a profile architect to add icing and 
candles to create an environment tailored to your specific modelling requirements. 
There are many cakes you can bake with a UML core. At the simplest level you 
can hide information about the base type and apply new icons to stereotyped 
model elements. It’s also surprisingly easy to create new explorer panes for 
browsing items. At the more advanced level, you can add new diagrams and 
override context menu commands based on stereotype UML elements. 
Automatic Code Synchronization (ACS) 
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Use ARTiSAN Studio to automatically generate and synchronize your source 
code and model with its new ‘Automatic Code Synchronization’ (ACS) 
technology, known as Shadow. It fits perfectly into a Model-Driven Development 
(MDD) process, working in the background, ensuring your code and models are 
always synchronized. 
This enterprising approach removes the need for a separate code generation or 
resynchronization phase. You don’t have to worry about the model becoming out-
of step with the design; drift is prevented because synchronization is 
instantaneous and automatic. You don’t have to configure your code separately 
since it is contained within the model and can be regenerated at any time. 
Multi-User Change Tracking 
Multi-user Change Tracking extends ARTiSAN Studio’s powerful client-server 
repository in support of a quality-assured process. Based on the understanding that 
models are complex pieces of interwoven data, changes are automatically tracked 
on each model element, rather than an artificial granularity imposed by an external 
tool. Individual developers can see a historical record of changes on each model 
element, enhancing collaboration in a multi-user environment. Changes are 
grouped against “Change Notes” to directly support review and audit processes. 
 
Requirements Traceability and Modelling with SysML and Reqtify® 
 
The modelling and communication of requirements at an early stage in a project 
can be critical to avoiding downstream rework. Improved requirement analysis 
and traceability minimizes the waste caused by rework and increases your ability 
to deliver on time. 
The introduction of requirements modelling into the SysML notation is 
transforming how leading companies work with requirements. ARTiSAN’s 
SysML Requirements Profile (RP) supports the OMG international SysML 
standard by providing support for requirements inside a UML/SysML model. This 
is important because, using industry-standard modelling notation such as the 
UML/SysML, it is in the system analysis phases of a project that requirements are 
truly understood. Rectify supports ARTiSAN’s Requirements Profile (RP) by 
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providing a bridging technology for the synchronization of requirements with 
external sources such as Telelogic DOORS®, Microsoft Word/Excel® and 
Mercury TestDirector®. 
 
Ada Synchronizer for ARTiSAN Studio® 
 
ARTiSAN’s Ada Synchronizer supports code generation, reverse engineering and 
structural comparison between UML class models developed with ARTiSAN 
Studio and Ada source code. The Ada Synchronizer, which supports Ada 95, 
SPARK 95, Ada 83 and SPARK 83, automates the implementation of design 
models in Ada. 
The ARTiSAN Ada Synchronizer is an additional component in ARTiSAN 
Studio, and part of ARTiSAN’s suite of development tools. 
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Appendix C – Interview Guidelines 
 
 
Interview 
Guidelines 
 
To  From  
Department  Department  
Location  
Fax  
AIRBUS UK  NEW FILTON HOUSE  FILTON  
BRISTOL  BS99 7AR  UNITED KINGDOM 
TELEPHONE +44 (0)117 9693831  FAX +44 
(0)117 9362828 
Date  Phone  
Fax  
Email  
Copies  
 
 Our 
reference 
 
Subject: A/C on Ground Operations – CVB Pilot Project 02 
 
Statements: 
• LGS design in service can be improved. Today there appear to 
be some issues with A/C on ground operations; that is why we 
want to discover what they are so that we may attempt to 
improve them 
• Potential benefits of modelling and simulation are recognised. 
⇒ Hence the project CVB! 
 
Airbus strategy 
• Modelling and Simulation is one major strategic development axis 
for Engineering. 
• The Common Virtual Bird (CVB) project has been launched to 
support this strategy at extended enterprise level. 
CVB objectives 
1. Improve the achievement of right first time designs and enable new 
products EIS at the required maturity level. 
2. Improve A/C design optimisation through multidisciplinary 
process and methods. 
3. Promote virtual testing for early design validation and provide 
significant saving in testing. 
4. Reduce time to market. 
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5. Federate the existing M & S projects leading to the ‘Common 
Virtual Bird” concept. 
6. Elaborate and apply the co-operation policy to capture scientific 
knowledge and capabilities. 
 
CVB development schedule 
To address CVB objectives several Pilot Projects have been launched. These Pilot 
Projects should also deliver a Modelling and Simulation Strategic Plan both for 
A350 and for A30X within predefined timescales. 
Aircraft on Ground Operations (A/C on GO) Pilot Project 02 
Q: What is A/C on GO? 
SCOPE: For Pilot Project 02 the scope is on A/C ground operations during the 
“Taxi-Out” phase. 
Q: Why Taxi-Out phase 
A: The main area where there have been significant operational issues, which 
have resulted in landing gear failure, is during ground manoeuvres and especially 
Taxi-Out.  
 
FOCUS: Our current focus is on the Landing Gear System (LGS). However, to 
satisfy the commonality of CVB deployment, we need to identify and work with 
people who also have an interest in this phase. 
We recognize that other subsystems also have role to play whilst the A/C is in its 
ground phases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Take-Off RollTAXI-OUT PHASEAt Gate
Focus of attention
Interfaces and transitions to/from
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The Taxi-Out Phase does not exists in isolation, therefore need to take into 
account interacting phases. 
Pilot Project Current Objective (to be evolved during the scoping phase): 
Currently to extend the modelling and simulation of the Landing Gear System as 
an integral subsystem of the operational A/C during Taxi Out  
Scoping of Pilot Project 2 – A/C on GO 
 
 
 
 
 
 
 
Q 0: What are your main roles and activities in the LGS definition? 
 
Q 1: What are the ground operations phases of interest and why? (Specific Taxi-
out?) 
 
Operation 
Vehicle Mode 
Description Why Rank 
Phase 1 At the gate   
 
Phase 2 Taxi Out   
 
Phase 3 to 5 Take-Off Roll   
 
Phase 10 Landing   
 
Phase 11 Taxi In   
 
Phase 12 At the gate   
 
 Maintenance Taxi 
 
  
 At Maintenance 
Facility and FAL 
  
Q 1.1: How would you rank your interest in the phases you mentioned (see 
previous table)?  
 
CONCERNS 
• Customers 
• Owners 
• Actors 
FEDERATION  
• Suppliers 
• Owners 
• Actors 
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Q 2: What do you currently do to address this phase? [AS IS] (Could be generic!) 
 
Q 3: What are the concerns/issues today? [AS IS] (e.g. of not having information, 
of having the wrong information, …..) 
 
Q 3.1: What is your level of satisfaction about the current situation? [AS IS] 
Very Unsatisfied 
Unsatisfied 
Relatively satisfied 
Satisfied 
Totally satisfied 
 
Q 4: How would you like things to be in the future concerning your activities and 
specifically to address the Taxi-out phase? [TO BE] (could be generic only!) 
 
Q 5: Have we missed anything else that might be important to you? 
 
Q 6: Whom else do you think I should be speaking to regarding this area? 
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Appendix D – Modelling Assumptions Document 
(for the ADAMS Baseline Model for Ground 
Manoeuvrability and Braking Performance). – 
Contents. 
 
 
1         INTRODUCTION  
2         COMPONENT AND GEOMETRY STANDARDS  
3         MODEL DEFINITIONS  
3.1      ENGINES  
3.1.1   Method 1 – RTO Simulation  
3.1.2   Method 2 – Low Speed Manoeuvrability, Speed profile following  
3.2      AERODYNAMICS  
3.3      RUDDER  
3.4      ATMOSPHERE  
3.5      OLEOMATIC SUSPENSION  
3.6      TYRE PROPERTIES  
3.7      BRAKING SYSTEMS  
3.7.1   Constant Friction Coefficient Braking  
3.7.2   Brake Energy-Wheel Speed & Mu-Slip Curve Braking  
3.7.3   Antilock Braking Systems  
3.8      STEERING SYSTEMS  
3.8.1   Rudder Demanded Steering for Landing and RTO Simulation  
3.8.2   Steering for Ground Manoeuvrability Simulation  
3.8.3   Edge Of Runway U-Turn Manoeuvre  
3.8.4   Centre Of Runway U-Turn Manoeuvre  
3.8.5   135º Turn Manoeuvre  
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